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FOR EWORD

This report has been prepared by the Gemini Launch Vehicle Pro-

gram Test Evaluation Section of the Martin Company, Baltimore Divi-
sion. It is submitted to the Space Systems Division, Air Force Systems

Command, in compliance with Contract AF04(695)-394.

This report presents the results of the performance evaluation of

the Gemini Launch Vehicle used on the GT-3 mission and is published as

Supplement 2 to the NASA Gemini Program Mission Report GT-3_ _C-G-R-652.
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SUMMARY

On 23 March 1965, Gemini-Titan No. 3 (GT-3) was launched
successfully from Complex 19, Cape Kennedy, Florida. Launch ve-
hicle/ spacecraft separation was completed 359. 386 seconds after lift-
off. Spacecraft re-entry was successful after completion of three
orbits.

The countdown was picked up at 0700 hours, Greenwich Mean Time
(GMT) and proceeded to T-35 minutes (1325 hours GMT), at which time
a 24 minute hold was initiated due to a minor leak. The count was re-
sumed at 1349 hours GMT and continued without incident through liftoff
at 1424 hours GMT. The insertion into Earth orbit was accomplished

with greater precision than that demonstrated on GT-1, and insertion
parameters were well within specified limits. All test objectives for
the launch vehicle were achieved.

Stages I and II engines operated satisfactorily throughout powered
flight. Stage I burning time was 155. 805 seconds with shutdown initiated
by oxidizer depletion. The Stage II engine was terminated by a guidance
command after 181. 314 seconds. The redundant engine shutdown sys-
tem (RESS} was flown for the first time on GLV-3 with satisfactory re-
sults.

The flight control system (FCS) maintained satisfactory vehicle sta-
bility during Stages I and II flight. The roll and pitch programs were
executed properly. During peak wind disturbances, vehicle rates never
exceeded 1 deglsec and the maximum attitude error was i. 7 degrees.
The maximum rate and attitude that occurred during staging did not
exceed 2 deg/sec and I. 8 degrees, respectively.

The radio guidance system (RGS) performance was satisfactory.
The rate and pulse beacons properly maintained lock throughout flight.
Pitch and yaw commands were received by the decoder and properly
transmitted to the FCS. The SECO signal was properly transmitted by
the decoder.

The hydraulic system operated satisfactorily during launch opera-
tions and flight.

The electrical system functioned as designed throughout the launch
countdown and flight. Power transfer to airborne batteries was
comparatively smooth and liftoff occurred without incident.

All channels of the PCM and FM instrumentation systems functioned
properly throughout flight, resulting in 100% data acquisition. The land-
line instrumentation system functioned satisfactorily prior to and up to
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liftoff. All airborne instrumentation hold functions monitored in the

blockhouse remained within speeifieation throughout the countdown.

The ordnance system umbilical dropweight release, propulsion
system prevalves, explosive launch nuts and stage separation nuts
operated as designed. The performances of the Advanced Communica-
tions, Inc. , command control receivers and the General Electric M/S-
TRAM transponder were satisfactory.

Malfunction detection system (MDS) performance during preflight
checkout and flight was satisfactory. There were no switchover
commands during the flight.

The flight environment encountered by GT-3 was within the launch
vehicle design requirements. Flight loads were well within the struc-
tural capabilities of the launch vehicle.

The longitudinal oscillation (POGO) was the lowest measured and
was considered insignificant by the astronauts. At Station 280, the
peak value was 0.13 g zero-to-peak at a frequency of 13.5 cps.

The crew safety monitoring operation was excellent. The only
monitoring action required during flight was to inform RETRO of a
buildup in negative lateral velocity that occurred between LO + 80
seconds and BECO for possible impact on the Stage I ground tracking.

The precount operation progressed with no problems. The AGE
and facilities operated without incident during the countdown.

Engine blast and heat damage to the launch stand was minor and
less than that from the GT-I and GT-2 launches.
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I. INTRODUCTION

This report presents an evaluation of the systems performance of
Gemini Launch Vehicle No. 3 (GLV-3) during the launch and flight of
Gemini-Titan No. 3 (GT-3) from Complex 19, Cape Kennedy Test
Center, Florida, on 23 March 1965.

GT-3 was the first manned flight in the Gemini program, with
astronauts V. I. Grissom and J. W. Young aboard the spacecraft.
The GT-3 three-orbit mission was completed successfully. The next
Gemini mission (GT-4) will be a four-day orbital flight.

The GT-3 vehicle was comprised of a two-stage GLV, essentially
the same as GLV-2, and a spacecraft. The spacecraft was injected
into an elliptical orbit of 87/121 nautical miles.

Significant events experienced by, and tests performed on, GLV-3
at Complex 19, ETR, are summarized in Fig. I-l.

rR
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II- 1

II. SYSTEMS PERFORMANCE

A. TRAJECTORY ANALYSIS

i. Orbit Insertion

Insertion of the GT-3 spacecraft into earth orbit was accomplished
with greater precision than was demonstrated on GT-I. During the
ascent portion of this flight, the launch vehicle performed as expected
and met insertion requirements within the allowable tolerance limits.

A comparison of the predicted and observed insertion conditions is

given in Table II-l. In this table and in all succeeding references to a
predicted trajectory, the data are derived from the last prelaunch
nominal trajectory computed by the Martin Company. This final pre-
dicted trajectory is an updated version of that appearing in Ref. i. The
observed trajectory parameters are those derived from the MOD III-G

radar data which have been fully corrected for refraction and systema-
tic biases, and smoothed.

TABLE II- 1

Comparison of Insertion Conditions (SECO + 20 Seconds}

Parameter

Inertial velocity (fps)

Inertial flight path
angle (deg)

Altitude (naut mi)

Planned

Nominal

25,698.4

-0. 0048

87. 408

Observed

25,688

-0.0323

87.612

Observed
Minus

Planned

-10.4

-0.0275

+0.204

Total
Tolerance

±52.28

±0.338

±0.626

2. Derivation of Trajectory Uncertainties

Table II-i contains the total allowable tolerance for the prime in-
sertion conditions. These tolerances have been computed in the follow-
ing manner:

Total tolerance = preliminary tolerance + 3(_ data error

where

Preliminary tolerance =

_ (vehicle 2perturbati°ns)MB- 1046 + (RGS dispersion) 2
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The MODIII-G data errors which were obtained from Ref. 6 are listed
in Table II-2. The preliminary tolerances for BECO and SECO+ 20
secondsare shownin Table 11-3. The error values shownin Table
II-2 shouldbe multiplied by three whenused for computationof total
tolerance. The data errors included here represent the total uncer-
tainties basedon nominal systematic bias estimates (a priori) and
actual random bias error estimates. In accordance with all other tra-
jectory data contained herein, the reference system used is AFMTC
Coordinate System No. i.

TAB LE II- 2

Total Uncertainties on Fully Corrected and Smoothed
MOD III-G Radio Guidance and Instrumentation S Tstem

Parameter BECO SECO

oXF , downrange position (ft)

ayF , cross-range position (ft)

oZF, vertical position (ft)

O_F , downrange velocity (fps)

O_F , cross-range velocity (fps)

a_F , vertical velocity (fps)

OR, geocentric radius (ft)

OV, inertial velocity (fps)

o),, inertial flight path angle (degl

11.4

26.0

20.6

0.27

0.24

0.40

20.8

0. 14

0.003

102.4

47.2

295.8

1.32

1.05

11.14

290.2

2.40

0.024

SECO + 20 Sec

121. 1

70.1

584.4

2. 58

2.39

32. 37

570. 1

7.3

0.071

3. Geodetic and Weather Parameters

Pertinent geodetic parameters and surface weather conditions which
existed at the time of launch are shown in Table II-4.
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TABLE II-3

Preliminary Tolerance at BECO and at SECO + 20 Seconds

Performance Parameter

BECO

Time (sec) (5)

Geocentric radius (ft)

Cross range (ft)

Ground range (naut mi)

Cross-range velocity (fps)

Inertial flight path angle
(deg)

Inertial velocity (fps)

SECO + 20 Seconds

Time (sec) (_)

Geocentric radius (ft) _)

Cross range (ft)

Ground range (naut mi)

Cross-range velocity

(fps) (_)

Inertial flight path angle
(deg)

Inertial velocity (fps) (_)
Redundant shutdown
system (RESS)

Nominal (_)
Value

154.27

21,119,526

-825

49. 85

-34.84

19. 514

9889.3

358.57

21,438,514

-37, 297

540. 13

-408. 59

-0. 0048

25,698.4

3a Nominal Dispersions

Vehicle (_
Perturbations

+3.90

±12,741

+15,513

±3. 12

±386

+2. 59

±169

±7.39

±1,554

±72,055

±15.49

RGS (_)
Dispersions

N/A

N/A

N/A

N/A

N/A

N/A

N/A

±0.081

±1,408

±498

±1.7592

±9.91

±0.113

±24.1

±22.98

±0.0540

±18.53

RSS of RGS
and

Perturbations

±3.90

±12,741

±15,513

±3. 12

±386

±2. 59

±169

±7.39

±2,096

±72,057

±15.59

±25.03

I0.125

±3O. 38

NOTES :

(_) MartinGLV Trajectory 06-GT-3, dated 23 March 1965.

(_ MB-1046, SCN-6 (Ref. 10)

(_) Ref. 11

(_) Performance Incentive Parameter (Ref. 12)

(_) Times from liftoff

N/A = Not applicable
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TABLE II-4

Geodetic and Weather Conditions at Launch

Location

Site

Site coordinates: latitude (deg)
longitude (deg)

Pad orientation (deg)

Weather

Ambient pressure (psi)
Ambient temperature (o F}
Dew point (° F)
Relative humidity (%)
Surface wind: speed (fps)

direction (deg)
Max winds aloft: speed (fps)

direction (deg)
altitude (ft)

Cloud cover

Reference Coordinate System No. 1

Type

Origin

Positive X-axis

Positive Z-axis

Positive Y-axis

Reference ellipsoid

Launch

Initial flight azimuth (deg}
Roll program (deg)

Complex 19
28. 507 N
80. 554 W
84.91 true azimuth

14. 83
73
64
74
24
150 true azimuth
172
291

41,000
None

AFMTC coordinate

System No. 1

Center of launch

ring Complex 19

Downrange along
flight azimuth

Away from earth on
a geodetic radius

Forms a right-hand
orthogonal system

Fischer

72 true
12.9
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4. Flight Plan

A primary test objective for GLV-3 was to place the Gemini space-
craft into an elliptical earth orbit with a perigee at 87 nautical miles
and an apogee at 130 nautical miles. * Orbital insertion occurs at per-
igee with sufficient velocity overspeed to enable the spacecraft to coast
to the desired apogee. To attain these desired conditions the following
flight plan is employed.

A vertical rise is planned for the first 23.04 seconds, during which
time a programmed roll rate of I. 25 deg/sec is initiated to roll the
vehicle to the desired flight azimuth of 72 degrees. At this time, an
open-loop pitch program is begun (via a three-step rate command) which
terminates at 162. 56 seconds. Guidance commands from the radio

guidance system (RGS} are initiated at 168 seconds and continue until
two seconds prior to SECO, however, velocity cutoff computations con-
tinue to SECO. A comparison of the planned and actual sequence of
events is shown in Table II-5.

Analysis of the radar and camera data indicates a normal flight with
only one anomaly--the unusually high BECO condition. The probable
cause for this anomaly is discussed in a subsequent section.

Figure II-I depicts a profile of the GT-3 flight superimposed on the
range planning map and showing the proper orientation of the flight
azimuth and position relative to local geography.

5. Trajectory Results

Trajectory and aerodynamic data derived from GT-3 flight are pre-
sented in Figs. II-2 through II-24. Atmospheric conditions obtained
shortly after liftoff are presented in Figs. II-25 and II-26.

In almost all aspects, the flight trajectory was nearly as predicted
with only one anomaly noted--the high BECO conditions. These disper-
sions have been investigated thoroughly in an effort to isolate the causes.
Inspection of the GT-3 telemetry data indicates that all launch vehicle
systems operated within their allowable tolerances and that the off-
nominal BECO conditions were the result of an unusual combination of
in-tolerance effects on the first-stage trajectory. Table II-6 provides

a comparison of predicted and observed values of altitude, velocity and
flight path angle for the GT-2 and GT-3 flights. Although only the geo-
centric radius was outside the expected tolerance for GT-3, all three

1 ..... +_,_ _rn_t_d nn hnth f]i_hts.paramele,_s were _ _

*Relative to Complex 19.
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Cape Kennedy
0939 EST, 23 March 1965

t

6O 7O 8O 9O 100

Time from Liftoff (sec)

110 120 130 140 150 160 170

Fig. II-12. Stage I Angle of Attack History

ElCt 13227-3



II-18

ER 13227-3



:_: :.

::_=_-

-2 L.

: i i

l;

Fig. 11-13. Stage I Angle of Sideslip History



X

rD

v

o
q}

;>

{D

18

16:



(no wind) digital run, 06-GT 3 " }_

light digital run

.... i,i/ i_. f.-

i i !i;i:

260 280 300 320 340

Time from Liftoff (sec)

360 380

i!!i_

Fig. II-14. Resultant Inertial Velocity (Vl) Versus Time: Stage II Flight

II- 19

ER 13227-3



11-20

Fig. II-3

ER 13227-3



inal (no wind) digital run, 06-GT 3

it data

preflight digital run

i ,

i

............... L .... _ ....

i

I -i--

! .......T....

" I'" t--- r'- .....

, X !
-i t

i i

I :

, , ]

' tl I I

I __UL:;;_I2L
i I

......... 1 ......... [- --T-_

...... • ......... r .......

_ SECO + 2O (353. 747 sec) ,

- - Predicted SECO + 20 (358.57 sec)

_ _"_/1": i _ : i_ :
..... : ! _ ( I ' t l •

, i , il , . I ,

340 360 380 400 420 440

7

!t_:i

460

Inertial Flight Path Angle (_i) Versus Time: Stage II Flight



200

160
140 160



II-21

Predicted SECO + 20 (358. 57 sec)

SECO + 20 (353. 747 sec)

L

• i
-- [- -

[ t

V" }

0

Predicted preflight nominal (no wind)

...... digital run, 06-GT 3 ....

........ • ..o .... GE Mod III-G final flight data ........ , ..... .

.::_.A .__.L. :__ -! _ ........ Predicted (T-3hr wind) preflight digital run .

. .A ....

200 220 240 260 280 300 320 340 360 380

Time from Liftoff (sec)

Fig. II-16. Altitude Versus Time: Stage II Flight

ER 13227-3



II-22

4.0

3.6

3.2

SECO + 20 (353. 747 sc

Predicted preflight nominal (no wind) digital run, 06-GT 3

....... GE Mod III-G final flight data

0
140 160

!

320

Time from Liftoff (sec)

Fig. II-17. Downrange Pos

ER 13227-3



Predicted SECO + 20 (358.57 sec)

I

r r ...... • .......

[

I

t ] i.

340 360 38C 400

' 1

420 440

Coordinate (XF) Versus Time: Stage II Flight



+4

0

N

.5

0
0

E_

"d
(D

O

Z

o
Z

-4

-8

_k

-12 ...... ! ........

-16! ........

-2O

-24

-28

,__ -32

_D

-36

O

i

o

Predicted preflight nominal (no w

-40 ............

; _Predicted (T-3 hr wind) preflight

I

140 160 180 200 220



II-23

\

'.nd) digital run, 06-GT 3

Fig. II-18. Cross-Range Position Coordinate (YF) Versus Time: Stage II Flight

ER 13227-3



II-24

560

-iU]
520 ............

[

480

_ 440
0

140 160 180 200 220 240 260 280 300 320 340
Time from Liftoff (sec)

Fig. II-L9. Ve

ER 13227-3



I ........

preflight nominal (no wind) digital run, 06-GT 3 _........ ;......

[I-G final flight data z

(T-3 hr wind) preflight digital run i "
I

z ; ....

i . {
T

I :

/--- Predicted SECO + 20 (358.57 sec) ii ..... " i

k " _ ...... T

i . d
i • I

A

" I "

............... & ...............

i

..... i ..............
, 1

"- _ _ } 7 } ................... L ...... 2..-.

360 380 400 420 440 460 480

ical Position Coordinate (ZF) Versus Time: Stage II 9_ight



-24

-28
140 160 180 200 220



II-25

[-]--[--IU _- ?...................:.-_.............. _.......... _.______......................... ... __:........................................

[ ...... , • : .... 7- "

t

Predicted preflight (T-3 hr wind) nominal, digital run

.......... From post-flight analysis of IGS gkmbal data*

....... F ....

0939 EST, 23 March 1965

240 260 280 300 320 340 360

Time from Liftoff (sec)

Fig. II-20. Stage II Angle of Attack History

ER 13227-3



II-26

A

q$

<

_D

fD

-12

-20

140

-8 ,:_ _-r ....... '..-._. . Predicted preflight (T-3 hr wind) nora

:,i_"'[:.._i[:i _ .tl . " [ - • ..... From post-flight analysis of IGS gimb_

.... .:_A
';;.' ....:-:;"!.:t'_ " : ! l _' Rawinsonde

::: :" " ;':" _'-._:"..... _....... .a. , Cape Kenne
_z.._..:,:.,:-_-_::d .............................. 0939 EST,

_* .... L ' * q

_UJJ_?!_:_1 il " _. ' _
160 180 200 220 240 260 280

Time from Liftoff (sec)

Fig. II-21. Angle of Sid

ER 13227-3



• I : i i :

t
1 I

i 1

•l digital run { .. I I

data*

I

L ___L ..... --I.............. : ......
alloon data

i ...... I

March 1965 -1- I -!"-! '': _

--t--_--_ ..... + ...... t--:-r--4--:--+ .....

L E

300 320 340 360

llp Versus Time: Stage II Flight



50-

0

0

-i00

-150L

-600 -

-400

-250 -

- -300 -

0

0

- >-350-
(1)

C9
0 O

- -400 -

- -450 -

214.

214.

214.

6 -

(D

v

¢'6

}:m

0.5 --

0.0

-0.5

-I.0 -

-1.5

25. 70

o

,,.,-i

o ::iii:
2 5 _
_ 2 5.6

25. 60 }-::+,:-,

!._Ai. :_

i : ?;::

25.55 :i::'
330



II-27

Inertial flight path angle

-- Cross range ,

Inertial veloci . ....

Radius -

332 350

Time from Liftoff (sec)

Fig. II-22. GE Mod III-G Flight Data from SECO to SECO + 20 Seconds

ER 13227-3



II-28

200

d__
:- : ......... F ...... ......

Predict

......... !

......... GE Mo¢

...... i

loo ......_............ _ ; ............ _._-,-.-.,,.,.._ .

i.....f...... : : ........ :
-I00 ...... T............... {

l
..... z.......

0 -
f,.,

-200 ..... :

I • . : , .

I

-300 !-7 ......

-400

-5O0
0

1

I •

20 4O 6O 80 i00 120

!
I- - F "-." ....... ' v

_ . l ,.. . i

: l

140 160 180

Time from Liftoff (sec)

2O0

ER 13227-3



! , ! I ' : L _:_ L '__i_LL:_

[II-G final flight data _.:_'.3 ........ i

i

i
.......... i

Predicted SECO + 20 (358.57 sec)

I'

0 240 269 280 300 320 340 360

Fig. II-23. Cross-Range Velocity (YF) Versus Time



&
v

2

7OO

600 ..............

[

!-
500 - ;...........

300

200 ---J=-,-TF-F- ......... _ - _ ............ ;

__..t........ :. _ .j. :.._].........

]-: I

-100

0

................. t-- L 1

20 40 60 80 100



11-29

Predicted preflight nominal (no wind) digital run, 06-GT 3

.......... GE Mod III-G final flight data

Predicted SECO + 20 (358.57 sec)---:--_

SECO * 20 (353.747 see)-----_ x

Time from Liftoff (sec)

Fig. II-24. Yaw Steering Velocity (Vy) Versus Time

ER 13227-3



II-30

120

9O

i!!]_!!:i!
8O

5O

4O

3O

Speed

0
0

...... ....

: !
i : [

40 80

Rawinsonde Balloon Data

Cape Kennedy
0939 EST, 23 March 1965

i I i
100 140 180

Azimuth

ii-: I i!./

120 160 200 240

Wind Speed (kn)

I t 1 I

220 260 300 340

Wind Azimuth (deg from north)

Fig. 11-25. Wind Speed and Azimuth Versus Altitude

280 320 360

I I I
20 60 100

ER 13227-3



eo

<

120

Ii0

i00

9O

8O

7O

6O

50

4O

3O

2O

i0

0
0

I

-260
I

-220

2 4 6 8 i0

Pressure (psi)

I I i I I I

-180 -140 -I00 -60 -20 20

Temperature (°F)

Fig. 11-26.

II-3 1

:!_!i

12 14 16 18

Ambient Temperature and Pressure Versus Altitude

I )

60 100

ER 13227-3



II-32

Meas

0800/0801
2104

0356

0357

2101
1169
4421
4422

4423
0734
0734
0732

0732
0732

0728
0732
0732

0735

0741
0356

0357

0032

0502

108511169
0855

O732

TAB LE II- 5

GT-3 Flight Events Summary

Event

Power transfer

87FS 1 (T-0)

Stage IS/A 1 MDTCPS
make

Stage I S/A 2 MDTCPS
make

TCPS S/A 1 and S/A2
Launch nuts
First motion
Shutdown lockout (first
motion)
Liftoff

Start roll program
End roll program
Start pitch program
No. 1

Stop pitch program No. 1
Start pitch program
No. 2
FCS gain change No. 1
Stop pitch program No. 2
Start pitch program
No. 3
Start tape recorder
Staging enable (TARS
discrete)

IPS staging arm timer
Stage I S/A 1 MDTCPS
break

Stage I S/A 2 MDTCPS
break

87FS2/91FS I (BECO)

Start PC 3 rise

Stage separation
Stage II MDFJPS make
Stop tape recorder
Start tape recorder
playback
Stop pitch program No. 3

GMT
(hr -min-sec)

1422:31.1
1423: 56. 692

1423: 57. 609

1423: 57. 700

1423: 57. 816
1423:59.9
1423: 59. 986
1424:00. 000

1424:00. 064
1424:10.20
1424:20.48
1424:23.07

1425:28.28
1425:28.28

1425:44.88
1425:58.90
1425:58.90

1426:23.22
1426:24.485

1426:25.197
1426:32.441

1426:32.442

1426:32.497

1426:33. 130

1426:33. 155
1426:33. 148
1426:35.26
1426:37.44

1426:42.38

Time rom
Liftoff

Actual Planned*

-88.96
-3.372

-2.455

-2. 364

-2. 248
-0.16
-0. 078
-0. 064

0

10.14
20.42
23.01

88.22

88.22

104.82
118.84
118.84

143.156
144.421

145.133
152.377

152. 378

152.433

153.066

153.091
153.084
155.20
157.38

162.32

-9O
-3.37

-2.27

-2.27

-2.27
-0.2
-0. 11
-0. 11

0
i0. 16
20.48
23.04

88.32
88.32

104.96
119.04
119.04

143.36
144.64

145.00
154.21

154.21

154.27

154.97

154.97
155.17
157.27
159.27

162.56
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TABLE II-5 (continued)

Meas

0740
0755/0756
0739
0777
0519

0521
0522
0799
0855
AB-03

Event

RGS enable

First guidance command
Stage II shutdown enable
Guidance SECO

91FS 2

Shutdown squib
Shutdown valve relay
ASCO

Stage II MDFJPS break
Spacecraft separation

GMT
(hr -min-sec)

1426:42. 370
1426:48.346
1429:17. 064
1429:33. 791
1429:33. 811

1429:33. 836
1429:33. 846
1429:33. 853
1429:33. 952
1429: 59. 450

Time from
Liftoff

Actual

162.306
168.282
317.000
333.727
333.747

333.772
333.782
333.789
333.888
359.386

Planned*

162.56
168.25
317.44
338.54
338.57

338.59
338. 59
338. 59
338.87
358.60

*GLVtrajectory 06-GT-3, dated 23 March 1965.

NOTES: Burning time for Stage I = 155. 805 sec
Stage II = 181. 314 sec

It appears that, even with the limited amount of data available, a
consistent set of contributing factors may be determined and their ef-

fects accounted for on future flights. A detailed examination of all

possible factors contributing to BECO dispersions includes over 20

possible parameters. Some of these are relatively insignificant; how-

ever, those causing the greatest portion of the BECO deviation on the

GT-3 flight are presented in Table II-7. Table II-7 is comprised of

two parts. Part A consists of those items which can be measured to a
fair degree of accuracy while Part B contains those items which can

only be estimated due to the lack of suitable instrumentation. The

amount of probable deviation for each parameter was obtained from

post-flight evaluations wherever possible. The resulting incremental
changes in time, altitude, velocity, and flight path angle were obtained

from the dispersion analysis report (Ref. 8). Addition of these incre-

mental changes results in a total apparent deviation which agrees

reasonably well with the measured delta in each ease. To check the
validity of this method of combining dispersions, a composite digital

trajectory utilizing all these parameters was computed. The results
verify that the dispersions may be combined algebraically to obtain
the desired result.

To summarize, the high BECO dispersion appears to be due pri-
marily to winds, programmer error, and larger-than-expected engine
thrust and specific impulse.
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TABLE II- 7

Factors Contributing to GT-3 BECO Dispersions

Measured parameters

Winds (1439 ZULU atmosphere)
Outage (408 lb)

Propellant loading (-559 lb)
Inert weight (+109 lb)

Trend indications

Program error (-1.2%)

Isp (+2.53 sec)

Thrust (+2.09%)
Pitch engine misalignment
(-0. 065 deg)
Pitch gyro drift (+16.3 deg/hr)

_t

(sec)

0

+0.24
-0.35

0

+1.46

-3.03

_Alt AVel A

(ft) (fps) (de g)

-1,800
+700
+104
-255

+3,040
+2,240

+5,660
+930

- - +2, 250

E Apparent A (A and B) -1.68 +12,869

Measured A (from Table II-6) -1.84 +14,856

+46 -0.14
+39 -0.02

-13 +0. i0

-8 -0.01

-28 +0.65
+88 -0.29

+20 +1.068
-10 +0.233

-23 +0.54

+111 +2.131

+92 +2.28

On the basis of these reconstructions, it has been decided to use

slightly increased values of thrust and Isp for the GT-4 preflight

predicted trajectories. Thrust and I will be increased 8200 pounds
sp

and two seconds, respectively, from the engine acceptance test values
as computed with the AGC thrust coefficient. As a result of the engine
model changes, the TARS programmer pitch rates will be modified on
GLV-4 to maintain a balanced pitch look-angle constraint.

BECO conditions and orbit insertion conditions are presented in

Table II-8, and a complete list of data sources utilized in the trajectory
analyses is contained in Table II-9.

6. l__ok Angles

Upon initiation of closed-loop guidance at LO + 168.3 seconds, the
RGS commanded the maximum 2 deg/sec nose-down pitching rate for
an interval of 12 seconds in order to correct for the high BECO posi-
tion. This maneuver resulted in large negative angles of attack during
this period as is shown in Fig. II-20. The attendant vehicle' s pitch
look angle CLAP} nearly exceeded the established 40-degree limit as is
shown in Fig. II-27. In order to minimize the probability of exceeding
the LAP boundary on GT-4, the Stage I open-loop pitch program will be
revised.
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TAB LE II- 9

Data Sources Utilized for Trajectory Analyses

AF ETR-Supplied Data

Position, velocity
and acceleration

Position, velocity,
acceleration and
attitude

Position, velocity
and acceleration

Position, velocity
and acceleration

FPS-16 radar: reduced by RCA

Station 3 (Grand Bahama)

FPQ-6 radar: reduced by RCA

Station 0 (Patrick AFB)

Station 3 (Grand Bahama)

Station 7 (Grand Turk)

Station 19 (MILA)

Fixed camera: reduced by RCA

Cine theodolite: reduced by RCA

MISTRAM: reduced by RCA

Best estimate of trajectory:

reduced by RCA

Flight Coverage
(sec from LO)

+66 to +409

+19 to +341

+353 to +380

+87 to +422

+211 to +486

+12 to +429,

0 to +22

+6 to +62

+45 to +379

+10 to +433

Goddard-Supplied Data (NASA)

Position and velocity

IGS ascent parameters

GE/Burroughs: reduced by
Burroughs

IP 7092: reduced by ETR

MSC-Supplied Data (NASA)

Spacecraft guidance data
reduced by Houston

0 to + 404

0 to SECO +2C

0 to +380

GE-Supplied Data

Position and velocity Mod III-G radar: reduced by GE 0 to +394
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The yaw look angle (LAY) also came close to the established bound-
ary as seen in Fig. II-28. From Ref. 8, the LAY 3_ dispersed value
is +5.36 degrees; this compares with the maximum flight value of
5.44 degrees. The relative proximity of these values to the LAY
boundary of + 7 degrees suggests that the presently used simplified
boundary is not adequate and should be better defined.

A reasonably good reconstruction of the flight value of the LAY
at LO + 160 seconds has been obtained from consideration of the LAY

dispersion sensitivity parameters given in Ref. 8. The calculated LAY
dispersions are shown in Table If-10.

TABLE If- I0

Yaw Look Angle (LAY) Reconstruction at LO + 160 Seconds

Parameter

Winds (0939 EST, 3-23-65)

Stage I yaw engine misalignment
(+0. 1 deg)

Stage I roll engine misalignment
(-0. 15 deg)

Stage II yaw engine misalignment
(-0.3 deg)

Thrust (+2.09%)

Isp (+2 sec)

E A (to be added to nominal)

Nominal trajectory value

E total deviation in LAY

Flight value

A

LAY

(deg)

0.65

0.41

0.16

1.35

A Yaw Steering

Velocity, Vy

(fps)

+19

-56

-104

+3

0. 12 -2

+0.06 -i

+2. 51

+2.61

5.12

141

+252

+iii

+1165.45
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7. Maximum Dynamic Pressure

Table II-ll compares actual and planned aerodynamic parameters
associated with the time of maximum dynamic pressure. As on GT-2,
the Max q experienced was less than predicted (no wind nominal). It
resulted from the quartering tail wind which reduced the relative
velocity--hence, the dynamic pressure.

TABLE II- ii

Aerodynamic Parameters at Maximum Dynamic Pressure

Planned*
Parameter (nominal) Actual**

Time from liftoff (sec)

Dynamic pressure (psf)

Mach number

Altitude (ft)

Relative wind velocity (fps)

Wind velocity (fps)

Wind azimuth (deg)

Total angle of attack (deg)

78

754

1.69

42,469

1,626

0

75.1

708

1.63

42,234

i, 558

94

292 (true)

3.44

;:-'Preflight digital simulation run No. 6, 3-22-65.

**GE Mod III-G flight data.

8. Angles of Attack and Sideslip

Predicted and actual histories of vehicle angles of attack and sideslip

during powered flight are shown in Figs. If-12, -13, -20 and -21. The
predicted values were obtained from the preflight digital computation
using the T-3 hour winds. The actual values were derived from post-
flight analyses of IGS and TARS telemetry data. The first-stage values
are in fairly close agreement. However, at the beginning of closed-

loop guidance, there is a large change in the actual angle of attack.

This deviation from predicted was due to the maximum nose-down pitch

command of 2 deg/sec for 12 seconds that was co,nmanded to compensate
for the off nominal (high) BECO conditions. A large negative angle of

attack logically resulted.
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B. PAYLOAD CAPABILITY

Propellants remaining onboard after StageII low level sensor un-
cover indicated that a burning time margin (BTM) of 3.7 seconds
existed to a commandshutdown. The totai propellant margin was
1220poundsand the corresponding payload capability was 1340pounds.
Thesevalues and the predicted nominal and minimum values appear
in Fig. II-29.

a

C. STAGING

Measured times of staging events (Table II-5) were within the times
and tolerances predicted for this sequence with a Stage I oxidizer

exhaustion shutdown. Tile time interval from staging signal (87FS2/

91FS I) to start of Stage II engine chamber pressure (Pc3) rise was

0.620 second. This compares favorably with the nominal expected
time of 0.70-k 0.08 second. Stage separation occurred 0.025 second
following start of P rise; predicted time for lhis event, with both

c 3

the reconstructed Pc3 and telemetry Pc3, was 0.010 second.

The time-distance relationship between the two stages during the
staging process was established by using available telemetry data for
engine thrusts and estimated values for vehicle weights, aerodynamic
drag and the pressure force acting on Stage I. The thrust versus time

histories used were derived from p data shown in Chapter III for
C

Stage I shutdown and Stage II buildup (as recorded and as reconstructed
with ignition transient spike). Maximum stagnation pressure acting
on the Stage I oxidizer tank dome was estimated to be 40 psia. Mass
and air drag values used were:

Vehicle

Stage I

Stage II

Mass

(slugs)

337

2250

Aerodynamic
Drag (lb)

77

118

Figure II-30 is a plot of separation distance between the two stages
as a function of time from P rise. This graph shows that eight feet

c 3

of separation (distance required for Stage II engine nozzle to clear the
Stage I ring frame at the separation plane) was reached in 0. 245 second
based on the reconstructed P rise and in 0.260 second based on

e
measured P data. 3

c 3
a0.260 second was 0.0260 second. (Typographical error corrected by

NASA GT-3 Mission Evaluation Team, August ]I, 1965.)
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D. WEIGHT STATEMENT

Table If-12 shows the GT-3 weight breakdown from launch to
orbital insertion.

The post-flight weight report (Ref. 9) provides the background data
for this summary. The report includes a list of dry weight empty
changesat ETR and shows a derivation of weight empty from the actual
vehicle weighing. Other items covered include the derivation of burn-
out, BECO, SECOand shutdownweights; weight comparisons with the
BLH data; andthe center-of-gravity travel envelope as a function of
burn time for the horizontal, vertical and lateral planes.

TABLE If-12

GT-3 Weight Summary

Loaded weight (lb)

Start and ground losses (ib)

Liftoff weight (Ib)

Propellant consumed to BECO (Ib)

Step
I

271,769

-3,914

267,855

256,963

Step
II

65,509

65,509

ii

Weight at BECO (Ib)

Shutdown propellants (Ib)

Weight, Stage I burnout (Ib)

Stage II engine start (ib)

Stage II liftoff (Ib)

10,892 65,498

44

10,848 65,498

10,848 185

65,313

Propellant consumed to SECO (ib)

Ablative and Coolant Water (ib)

Stage II at SECO (Ib)

Shutdown propellant (Ib)

Weight at SECO +20 seconds (Ib)

58,322

20

6,971

157

6,814

Step
Ill

7, 112

7,112

3

7,109

7,109

7,109

4

7,105

7,105

Stage
Total

344,390

340,476

83,499

83,455

72,422

14,076

13,919"

*Includes !_ 220 pounds usable propellant (to fuel depletion).
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III. PROPULSION SYSTEM

A. ENGINE SUBSYSTEM

The GLV-3 Stages I and II engines operated satisfactorily throughout
the flight and met all test objectives. The Stage I burning time from

87FS 1 was 155. 805 seconds, and shutdown was initiated by oxidizer

exhaustion. Stage II operation was terminated by guidance command
after 181. 314 seconds of burning time.

Several problems occurred during the countdown and flight, none
of which adversely affected engine performance. These were as fol-
low s:

(I) A minor oxidizer leak was detected in the S/A 1 oxidizer

pump discharge pressure transducer sensing line fitting

shortly after Stage I oxidizer prevalve opening. The leak

stopped after the fitting "jam" nut was backed off and

retorqued, indicating that the leak occurred within the
Natorque seal area.

(2)

(3)

The Stages I and II engine flight performances (thrust and

propellant flow rates) were higher than anticipated.

Measurement 0029 (S/A 2 fuel bootstrap venturi inlet pressure)

dropped below operating pressure briefly during Stage I flight,

and Measurement 0517 (Stage II fuel bootstrap venturi inlet

pressure) was erratic during Stage II flight. Valid data,
however, were obtained from both measurements. The in-

strumentation anomalies are discussed in Chapter VIII.

Significant propulsion events are listed in Table III-l.

i. Stage I Engine (YLRSV-AJ-7t S/N I004)

a. Configuration
a

The GLV-3 Stage I engine incorporated one significant hardware
change since GLV-2; additional fire protection insulation was installed
to provide more extensive thermal protection of critical engine parts
and subsystems.

b. Engine start transient

The S/A 1 and S/A 2 spikes indicated 90% and 84%, respectively,
of rated thrust, considerably higher than the engine model specifica-
tion allowable of 75%. However, the GLV P instrumentation system

c

has characteristically exhibited undamped oscillations which mask true

ayLRg7-AJ-7 was YLB87-AJ-7. (TypographicaZ error corrected by NASA
GT-3 Mission Evaluation Team ii, 1965. )
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TABLE III- 1

Propulsion Events Summary

Description of Event

Start Stages I and II oxidizer loading -15 hr

Stage II oxidizer loading completed -14 hr
Stage I oxidizer loading completed -13 hr

Start Stages I and II fuel loading -10 hr
Stage II fuel loading completed -10 hr

Stage I fuel loading completed -09 hr

Stage I oxidizer prevalves opened -2 hr
Tank ullage volumes pressurized to

flight pressure -3 hr

Oxidizer surge chamber adjustment
set - 2 hr

Stage I fuel prevalves opened -47 sec

Stage II prevalves opened -35 sec

87FS 1 0

S/A 1 MDTCPS make

S/A 2 MDTCPS make

TCPS

Liftoff

Stage I oxidizer high level sensor

uncover, average
Stage I fuel high level sensor un-

cover, average
Stage I fuel outage sensor uncover,

ave r age
Stage I oxidizer outage sensor, un-

cover, average
S/A 2 MDTCPS break
S/A 1 MDTCPS break

87FS2/91FS 1

Stage II MDFJPS make

Stage II fuel high level sensor un-

cover, average

Stage II oxidizer high level sensor

uncover, average
Stage II fuel outage sensor uncover,

average
Stage II oxidizer outage sensor un-

cover, average

91FS 2

Stage II MDFJPS break

Time

from FS 1 Time (GMT)

03 min

09 min

25 min

29 min

i0 min

31 rain

53 min

30 rain

05 min

87FS 1 + 0. 917

+1.00g

+1. 124

+3. 372

+13. 453

+17. 878

+149. 573

+152. 580

+155. 749

+155. 750

+ 155. 805

91FS 1 + 0.651

+17. 010

+58. 486

+178. 414

+175. 149

+181. 314

+181. 455

23:21:00

00:15:00
00:59:00

03:35:00

04:14:00

04:33:00
11:31:00

10:53:00

12:19:00

14:23:10

14:23:22

14:23:56. 692

14:23:57. 609

14:23:57. 700

14:23:57. 816

14:24:00. 064

14:24:10. 145

14:24:14. 570

14:26:26. 267

14:26:29. 272

14:26:32. 441

14:26:32. 442

14:26:32. 497

14:26:33. 148

14:26:49. 507

14:27:30. 983

14:29:30. 911

14:29:27. 646

14:29:33. 811

I 14:29:33.952

ER 13227-3



111-3

transient performance such that the measured spike pressure is not

representative of the actual pressure. Therefore, it is not possible to

determine the true values for the ignition spikes. Except for the high

ignition spikes, the Stage I start transients, as presented in Figs. III-I
and III-2, were normal. Significant engine start parameters are as
follow s:

Parameter or Event S/A 1 S/A 2

87FS I to initial Pc rise (sec)

Pc spike at ignition (psia)

Pc step level (psia)

P overshoot (psia)
c

0.76

720

440

None

0.82

660

390

None

The start cartridge temperatures at launch were approximately 59 ° F
for S/A 1 and 60 ° F for S/A 2, and were within the prescribed limits of
45 ° to 70 ° F.

c. Steady-state operation

Stage I engine steady-state flight performance was satisfactory
throughout the flight, and no major anomalies occurred. Engine flight
performance, however, was higher than predicted.

The engine performance was calculated from measured engine flight

data using the MMB PRESTO program and the Stage I thrust coefficient
relationship as modified by Martin. The thrust coefficient modification
was based on flight history. Engine flight performance, calculated from

measured internal engine parameters and using the Aerojet thrust coef-
ficient relationship to determine thrust, did not match the vehicle tra-
jectory performance. Analysis of all Gemini-Titan flights shows that in
order to match the Stage I trajectory, an increase in reconstructed thrust
and specific impulse of approximately 3400 pounds and 2. 0 seconds,
respectively, was required above the values calculated with the Aerojet
thrust coefficient relationship. Martin therefore modified the thrust

coefficient relationship to simulate flight experience, and this relation-
ship was used for the GLV-3 post-flight analysis.

The average Stage I engine performance, integrated from liftoff to

87FS2, is compared with the preflight prediction in Table III-2.

Stage I engine performance (calculated) is presented in Fig. III-3.
The preflight prediction is also shown in this figure for comparison.
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TABLE III-2

Predicted and Actual Engine Performance Parameters

Parameter

Thrust, engine (lb)

Specific impulse, engine (sec)

Mixture ratio, engine

Oxidizer flow rate, overboard
(Ib/sec)

Fuel flow rate, overboard
(Ib/sec)

Preflight
Predicted

Average*

459,361

275.52

1.9102

1094.04

573.24

F_ght
Average**

468,477

278.12

1.9037

1103.97

580.45

Percent
Diffe re nce

+1.98

+0.94

-0.34

+0.91

+I. 26

* Performance predicted with Aerojet thrust coefficient relationship.

** Flight performance evaluated from flight data with Martin-modified
thrust coefficient relationship.

Data from the new oxidizer pump inlet temperature probe (Meas 0024)
were used in the post-flight analysis because of the excellent correlation
with the bulk temperature probe data. The other oxidizer pump inlet
temperature probe (Meas 0023) showed the characteristic temperature
bias that has been observed on all Titan II and GLV flights.

Cyclic pressure oscillations were present in the fuel discharge pres-
sure of S/A 1 and in the oxidizer discharge pressure of S/A 2. The
cause of these oscillations, similar to those observed on GLV-2, has not
yet been determined.

Stage I engine flight performance calculated at the 87FS 1 + 57 second

time slice, and corrected to standard inlet conditions, is compared in
Table III-3 to the acceptance test data at the same time slice and stand-
ard inlet conditions. The acceptance test performance and the predicted
flight performance at standard inlet conditions used in the predictions
were calculated using the Aerojet thrust coefficient relationship. The
flight performance at standard conditions was calculated with the same
relationship to indicate the relative magnitude of the acceptance-to-flight

performance changes. Also presented in Table III-3 is the engine per-
formance calculated with the Martin-modified thrust coefficient relation-

ship to provide a best estimate of the actual flight performance at stand-
ard inlet conditions.
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Fig. III-3. Stage I Engine Flight Performance
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TABLE lll-Z

Performance Corrected to Standard Inlet Conditions

Pa ramete r

Thrust, engine (lb)

Specific impulse, engine (sec)

Mixture ratio, engine

Oxidizer fIow rate, ore rboard

(lb/sec)

Fuel flow rate, overboard

(lb/sec)

Acceptance
Test*

433,680

258.77

1. 9261

1102.83

573.10

Hredicted

Flight

(includes

2450 lb

thrust prowth)*

436, 130

258.77

1. 9261

1109.07

576.33

Flight
Pe rfo Fin anc e **

439,511

259.35

1.9119

1112.34

582.34

Flight
Pe r fornlallce***

442,899

261.35

1.9119

1112.34

582.34

* Calculated with Aerojet thrust coefficient relationship as used in preflight performance

predictions.

** Calculated with Aerojet thrust coefficient relationship to indicate magnitude of changes

from acceptance-to-flight.

*** Calculated with Maetin-modified thrust coefficient relationship to provide best estimate

of actual flight performance at standard inlet conditions.

d. Shutdown transient

Stage I engine shutdown was initiated by oxidizer exhaustion; however,
during the shutdown transient period, engine pressure data indicated that
fuel exhaustion had also occurred. Figures III-4 and III-5 show the
S/A 1 and S/A 2 chamber pressure decays.

Engine thrust at staging was approximately 16,000 pounds. Signifi-
cant events during shutdown are as follows:

Event S/A 1 S/A 2

Time from Pc decay to 87FS 2 (sec)

P at 87FS 2 (psia)c

Time from 87FS 2 to data dropout (sec)

P at data dropout (psia)
C

0.6

160

0.75

35

0.5

160

0.75

20

e. Engine malfunction detection system (MDS)

The Stage I engine MDS operated satisfactorily throughout the flight.
Pressure switch operation during the ignition and shutdown transients

is depicted in Figs. III-l, III-2, III-4 and III-5.
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Time from 87FS 2 (sec)

Fig. III-4. S/A 1 Shutdown Transient
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The following summarizes the operation of the malfunction detection
thrust chamber pressure switches (MDTCPS).

Actuation at Ignition Actuation at Shutdown

Time Pres sure Time Pres sure

Switch (see) (psia) (see) (psia)

MDTCPS 1

MDTCPS 2

87FS 1 + 0. 917

87FS 1 + 1. 008

590

585

87FS 2 - 0. 056

87FS 2 0. 056

525

523

f. Engine prelaunch malfunction detection system (PMDS)

All PMDS switches actuated satisfactorily within the specified actua-
tion times and pressures as shown in the following table:

Actuation time

Measured (sec)

Required (sec)*

Actuation pressure

Measured (psia)

Required (psia)

TCPS OPPS FPDPS

FS 1 + 1.124

+2.2

.#

600 to 640

FS 1 + 1.625

+2.2

430

360 to 445

FS 1 + 0.975

+2.2

46 to 79 (psid)

-';'This time is 2.2 seconds after MOCS Sequencer T - 0 (87FS 1 -0.08).

...... Not instrumented.

2. Stage il Engine (YLR91-AJ-7, S/N 2004)

a. Configuration

The GLV-3 Stage II engine configuration differed from the GLV-2
configuration only by the incorporation of the redundant engine shutdown
system (RESS) to provide backup to normal engine shutdown. The RESS
is actuated simultaneously with the normal method of shutdown (thrust
chamber valve closure) for all modes of engine shutdown. RESS shut-

down is accomplished by firing a squib-operated valve located in the gas

generator oxidizer feedline which terminates oxidizer flow to the gas

generator.
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Incorporation of the RESS required the following changes:

(I)

(2)

Revised thrust chamber oxidizer injector inlet line.

Addition of a I/2-inch normally open squib valve located in

the oxidizer bootstrap line at the thrust chamber injector in-
let elbow.

(3) Revised gas generator oxidizer feedline.

(4) Additional control harness installation.

(5) Additional instrumentation, including a squib valve position

indicator and a vehicle RESS signal monitor.

(6) Associated wiring and mounting brackets.

b. Engine start transient

The stage II engine start transient was normal and is illustrated in
Fig. III-6. A summary of significant start parameters is given in the
following tabulation.

91FS 1 to Pc initial rise (see)

Pc ignition spike (psia)

Pc step level (psia)

P overshoot (psia)
c

0.62

610

520

820

The start cartridge temperature recorded before liftoff was 57 ° F,
which was within the 45 ° to 70 ° F specified range. Resistance of the gas

generator oxidizer injector (ROJGG), as determined from the gas gen-

erator injector and turbine inlet pressures at 91FS 1 + 5 seconds, was

approximately 1120 units--a normal value for an unclogged injector.

c. Steady-state operation

Stage II engine steady-state flight performance agreed favorably with
preflight predictions. The average performance, as integrated over

steady-state operation (from first steady-state to 91FS2), is compared

with preflight predictions as follows:
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Stage II Engine Steady-State Performance

Par amete r

Thrust, chamber (ib)

Specific impulse, engine (see)

Mixture ratio, engine

Oxidizer flow rate, overboard
(Ib/sec)

Fuel flow rate, overboard
(lb/sec)

Preflight
Predicted

Ave rage

98,694

310.13

1.7476

202.58

115.66

F_ght
Average

100,547

310.64

1.7560

206.39

117.28

Percent
Diffe re nce

+1.88

+0.16

+0.48

+1.88

+1.40

Engine flight performance was calculated with the Martin PRESTO

program, and is shown in Fig. III-7 as a function of time from 91FS I.

The preflight prediction is also presented in this figure for comparison.

Engine flight performance, corrected at the 91FS 1 + 57 second time

slice to standard inlet conditions, is compared to acceptance test data
(also corrected to standard inlet conditions at the same time slice) in

the tabulation which follows. The statistical ground test run-to-run
thrust growth for Stage II of zero pounds was used in the preflight pre-
dictions. Therefore, the acceptance test data and predicted flight per-
formance are identical.

The data show that the primary cause of the higher-than-predicted
flight thrust and flow rates was an acceptance-to-flight thrust growth

of 1603 pounds. This thrust growth was within the Titan II/Gemini-
Titan flight experience.

Stage II Engine Performance Corrected to Standard Inlet Conditions

Parameter

Thrust, chamber (lb)

Specific impulse, engine (sec)

Mixture ratio, engine

Oxidizer flow rate, overboard
(lb/sec)

Fuel flow rate, overboard
(lb/sec)

Acceptance Test
and

Predicted Flight

98,522

309.46

1.7796

203.99

114.38

Flight
Pe rforlnance

100,125

310.38

1.7699

206.29

116.30
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d. Shutdown transient

Stage II engine shutdown was initiated by a guidance command. The
shutdown sequence for GLV-3 included both the normal thrust chamber

valve (TCV) method and the redundant system (RESS). The resulting
shutdown transient was different than that previously experienced on
GT-I and GT-2. A description of the sequence of events during engine
shutdown follows.

After initiation of engine shutdown by the guidance command, the
squib valve (because of relays in the circuitry) was energized about 10
to 20 milliseconds after the pressure sequencing valve (PSV). Actuating
the PSV initiated closure of the thrust chamber valves by venting the pres-
surized fuel overboard. Actuation of the RESS squib valve terminated
oxidizer flow to the gas generator. A rapid decay in pump discharge
pressures resulted from the loss of energy from the gas generator.

After the PSV had actuated, fuel discharge pressure was applied to
the closing side of the fuel TCV actuator which closed the engine valves.
However, TCV closing time was slightly extended due to lowered fuel
discharge pressure, which resulted from the P_ESS squib valve actuation
and the subsequent loss of energy to the pump.

With both shutdown systems operating, Pc decay was initially more

rapid than with the TCV shutdown alone. A comparison between the
RESS/TCV shutdown transient of GLV-3 and the TCV shutdown of GLV-2

is presented in Figs. III-8 and III-9.

The calculated engine shutdown impulse (including the roll nozzle

output) from 91FS 2 (SECO) to 91FS 2 + 20 seconds was 37, 570 Ib-sec

compared to the prediction of 41,390 + 7700 Ib-sec. Calculation of shut-

down impulse was made by utilizing P data from 91FS 2 to 91FS 2 + 0.7c

second (time of TCV closure) and low level aecelerometer (±0.5 g) data

from 91FS 2 + 0.7 second to 91FS 2 + 20 seconds. The impulse obtained

from P decay was 26,470 Ib-see; from accelerometer data i0,800 Ib-see
C

was calculated. Total impulse from the roll control nozzle was 300 Ib-
sec. An average vehicle weight of 13,911 pounds was used with acceler-
omete r data.
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B. PROPELLANT SUBSYSTEM

i. Propellant Loading

a. Wet mock simulated launch (WMSL) operation

Several problems were encountered during the WMSL test on GLV-3.
Two abortive fuel loading attempts were made. On the first attempt,
the Stages I and II fuel totalizers were recording data from the wrong
flowmeters: Stage I fuel totaiizer was recording Stage II fuel flowmeter
and vice versa. This wiring error was corrected. On the second
attempt, the umbilical tower fuel level sensors which are used to start
the fuel totalizers were likewise reversed. This wiring error was also
corrected. On the third attempt, a successful WMSL test was accom-
plished. Valid verification of fuel and oxidizer loads was obtained at
Hi-Lite and satisfactory propellant temperatures were observed. In

the course of this test, a discrepancy was observed wherein the Stage II
fuel secondary totalizer was erroneous. Also, a leak was discovered
in the Stage II oxidizer feedline after loading had been completed• Be-
cause of this leak, the Stage II oxidizer tank was unloaded and remained
so during the WMSL countdown.

Following the WMSL, the Stage II oxidizer feedline leak was corrected
by replacing the conoseal gasket which had been improperly installed.
The Stage II fuel secondary counter was replaced.

A subsequent fuel and oxidizer tanking test demonstrated zero leak-

age at the conoseal connection, although an out-of-tolerance load con-
dition at Hi-Lite on each fuel tank was noted. The fuel flowmeters were

removed and returned to Martin-Denver and Wyle Laboratories for

calibration checks. Testing at both facilities showed the meters to be

very close to the initial calibration. Investigation of the out-of-tolerance

condition is continuing.

b. Launch operation

The propellant loading system performed well for the GT-3 launch.
A minor leak was discovered in the Stage II oxidizer fill and drain line
pressure cap after oxidizer loading had been completed. The cap leak
was attributed to a metal deposit on the Kynar seal inside the pressure
cap. This metal prevented the seal from sealing properly on the seal
surface of the airborne connector. The leak was stopped by replacing
the airborne pressure cap. The cap leak also indicated that the dis-
connect poppet was likewise leaking. Leakage from the disconnect has
been a chronic problem in the past and is attributed to variations in
alignment of the poppet to the seal from one actuation to the next. Small
poppet leaks can be tolerated by virtue of the redundant sealing feature
provided by the pressure cap.
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The propellant loading schedule is presented in Table 111-4.

TABLE III-4

GT-3 Propellant Loading Schedule (22 March 1965)

Start (EST)

Iti- Lite (EST)

Complete (EST)

Stage I Stage I Stage II Stage II
Oxidizer Fuel Oxidizer Fuel

18.21

19.47

19.59

22.35

23.26

23.33

18.21

19.00

19.15

22.35

23.09

23. 14

Flowraeters used in loading operation

Stage I Stage I Stage II Stage II
Oxidize r Fuel Oxidize r Fuel

Serial No. [ 199168 199169 199173 199170

i

Part No. [ 8315B4-10 8315B4-9 8315B4-12 8315B4-11
I l

c. Load verification

Data from the propellant load verification tab run are presented in
T able III-5.

Summary of Pro

IIi-Lite

Temperature
Tank

Stage I
oxidizer

Stage I
fuel

Stage II
oxidizer

Stage II
fuel

(°F)

TABLE 111-5

_ellant Load Verification at Hi-Lite

Allowable

Difference
(%)

Flowmete r

(lb)

25.4

28.6

26.3

30.1

160,220

80,910

26, 7 i0

Hi- Level

Sensor
(Ib)

160,100

80,966

26,763

Diffe re nce
(%)

+O.O7O

-0.069

-0. 198

20, 180 20, 176 +0. 020

+0.30

±0.25

+0.30

±0.25

All four propellant tanks were loaded to well within allowable tolerance
at Hi- Life.
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d. Total propellant load

The total propellants loaded onboard at the completion of the loading
operation, as determined by flowmeters, are listed in Table III-6. The

flo_ meter totalizer reading was corrected by subtracting the propellant
vaporized, vented overboard and that remaining in the filllines.

TABLE III-6

Total Mission Load

Tank

Stage I oxidizer

Stage I fuel

Stage II oxidizer

Stage II fuel

Flowmete r
Indic ate d

(Ib}

171,689

90,457

38, 160

21, 956

Requested
(ib)

171,676

90,440

38,165

21,959

e. Flight verification

The total propellant load, as reconstructed from flight data, is
shown in Table III-7 which also compares it with the requested load and
with the flowmeter indicated load. The total load, determined by a
propellant inventory, used the time difference between uncover of the
high level sensors and the outage level sensors. With these time dif-
ferences and knowing the calibrated volume between sensors, an aver-
age flow rate was found.

The total integrated in-flight overboard propellant consumption was

obtained from the engine analytical model using the average flow rates.
All transient propellant consumptions and pressurization weights were

calculated from measured flight data.

The flight reconstructed total loads, listed in Table III-7, represent
the best estimate of total propellants loaded onboard.
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TABLE III-7

Loads Comparison

a. Comparison of Flight Reconstructed Load with Requested Load

Reconstructed Requested
Load Load Difference

Tank (Ib) (Ib) (%)

Stage I oxidizer

Stage I fuel

Stage II oxidizer

Stage II fuel

171,474

90,445

38,225

21,991

171,676

90,440

38,165

21,959

-0.117

+0.005

+0.157

+0.145

b. Comparison of Flight Reconstructed Load with Flowmeter Load

T ank

Stage I oxidizer

Stage I fuel

Stage II oxidizer

Stage II fuel

Reconstructed
Load

(Ib)

171,474

90,445

38,225

21,991

Flowmete r
Indicated

Load

(Ib)

171,689

90,457

38,160

21,956

Difference
(%)

-0.125

-0.013

+0.170

+0.159

f. Ullage volume

The initial ullage volumes shown in the following tabulation were ob-

tained by calculating the total loaded volume in each tank, and subtracting
this from the total calibrated tank volume. The propellant weight, as
found by flight reconstruction, divided by the average in-flight density,
is then the initial propellant volume to the thrust chamber valve. The

average density was obtained by integrating flight temperatures from

FS 1 to FS 2 and correcting for in-flight stratification.
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Initial Ullage Volume

Tank

Stage I oxidizer

Stage I fuel

Stage II oxidizer

Stage II fuel

Ullage Volume (cuft)

81.261

49. 525

87.245

16.954

Spe cific ation

Minimum (ft 3 )

48

39

63

16

g. Propellant assay

Prelaunch data from the propellant assay laboratory report (sampled
on F-2 day) for the oxidizer (nitrogen tetroxide) and fuel (50% hydrazine
and 50% UDMH) are presented in Table III-8. Specification values are
also listed. Good agreement is shown between the laboratory data and
specification requirements. The density was determined by a pycnom-
eter.

TABLE III-8

Propellant Assay Summary

Fuel MIL- P-27402 (USAF) Test Requirement

Hydrazine

UDM_H

H20

Total N2H 4 + UDMH

Solids

Particles on 50 mesh screen

Density (gm/cc) at 77 ° F

5o.8%

48.1%

1.1%

98.9%

0.4 rag/liter

0

0.8972

51+0.9%

46.9% min

2.0% max

98% min

25 mg/liter

0

Oxidizer MIL- P- 26539 (USAF) Test Re quirement

99.8%

0.003%

0.06%

0.5 mg/liter

0. OOO4%

0

Nitrogen tetroxide (N204)

Chloride as NOC1

H20 equivalent

Solids

Nonvolatile ash

Particles on 50 mesh screen

99.4% rain

0.2%

10 rag/liter

0
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2. Propellant Temperatures

a. Weather

A comparison of the F-45 day prediction, the F-1 day prediction,
and the actual weather for the 23 March launch of GT-3 appears in
Table III-10. The F-45 day prediction was made for an average March

or April hot day. In the case of the F-1 day prediction, it can be seen
that the predicted weather was in good agreement with the actual weather
data.

b. Ready storage vessel temperature

The requested ready storage vessel (RSV) temperatures and the ac-

tual RSV temperatures are as follows:

RSV System

Fuel

Oxidizer

Me as

4425

4426

Re que st e d
Temperature (°F)

26

22

Actual

Temperature (°F)

26.2

21.6

c. Flowmeter temperature

The propellant heating program predicts the temperature rise from
the RSV to the flowmeter at the end of the precooling cycle. For GLV-3,
the temperature rise was i. 8 ° F for oxidizer and i. 5 ° F for fuel.

The predicted flowrneter temperatures and the actual flowrneter tern-
peratures that occurred at the end of the precooling cycle are shown in
T able Ill- 9.

TABLE III-9

Propellant Temperatures at Flowmeter

System Meas

Stage I fuel 4431

Stage II fuel 4432

Stage I oxidizer 4433

Stage II oxidizer 4434

Predicted

Temperature
(°F)

27.5

27.5

23.4

23.4

Actual

Temperature
(°F)

28.2

28.0

24.0

24.7

Delta

Tempe rature
(°F)

+0.7

+0.5

+0.6

+1.3

,/I
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The propellant temperature rise durn,g the loading operation caused

by heat input from pump work is the difference between +.i,eflowmeter
and RSVtemperatures at the time that Hi-Lite is achie,,_d. The tem-

perature rise that occurred during the GT-3 loading operation is shown
in T able III-11.

TABLE III- 11

Pro mllant Temperature Rise During Loading

Flowmet e r RS V Temper atu re

System Temperature (°F) Temperature (°F) Rise (°F)

Stage I fuel

Stage II fuel

Stage I oxidizer

Stage II oxidizer

28.3

27.5

25.4

25.0

26.7

26.6

22.9

21.8

1.6

0.9

2.5

3.2

The RSV and flowmeter temperatures recorded during loading ace
shown in Figs. III-10 andIII-ll.

d. Hi-Lite temperature

The requested and actual propellant temperatures at the time of high
level sensor covering are presented in Table III-12.

TABLE 111-12

Propellant Temperatures at Hi-Lite

System

Stage I fuel

Stage II fuel

Stage I oxidizer

Stage II oxidizer

Meas

4124

4601

4128

4604

Requested
Tempe rature

(°F)

28.0

29.1

24.5

26.2

Actual
Tern :_e rature

C°t")

28.6

30.1

25.4

26.3

Delta

Temperature
(°17)

+0.6

+1.0

+1.1

+0.1

The actual Hi-Lite temperatures were within

to the requested values.

the +_2 ° tolerance assigned

The increase in propellant temperatures during the loading operation
caused by the heat transferred from the propellant tanks and from the
fill lines which run from the flowmeter to the tanks is shown in Table
III-13. Values are for the thne at which the tank high level sensor was
covered.
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TABLE III- 13

Propellant Temperature Increase During Loading

Flowmete r Tank Hi- Lite Temperature
Tank (°F) (°F) Rise (°F)

Stage I fuel

Stage II fuel

Stage I oxidizer

Stage II oxidizer

28.3

27.5

25.4

25.0

28.6

30.1

25.4

26.3

+0.3

+2.6

+0.0

+1.3

e. Liftoff temperature

The propellant bulk temperatures at the time of liftoff are presented
in Table III-14 (predicted values are also shown).

TABLE III- 14

Propellant Bulk Temperatures at Liftoff

F-45 Day F-I Day Actual Reconstructed
Tank Prediction (°F) Prediction (°F) (°F) (°F)

Stage I fuel

Stage II fuel

Stage I oxidizer

Stage II oxidizer

38.2

38.3

38.9

42.7

44.2

40.8

46.4

48.0

44.0

41.3

43.9

44.8

41.5

40.2

44.1

46.7

The reconstructed temperatures were obtained using the propellant

heating program. The position of these temperatures in the mixture
ratio band is shown in Figs. III-12 and III-13.

Figures III-14, III-15, III-16 and III-17 show the variation of the
F-I day prediction, the reconstructed, and the actual propellant tem-
peratures during the countdown for each propellant tank. The slight
shift noted between 0300 and 0400 hours was caused by a paper change
on the multipoint recorder. Corrective action will be taken to preclude
this shift.

fo Suction temperatures

The flight pump inlet temperatures were in agreement with the pre-
dicted temperature profiles except for the Stage II oxidizer. These data
are shown in Figs. III-18, III-19, III-20 and III-21. The discrepancy

in the Stage II oxidizer was due to less stratification of the propellant
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temperature than had been predicted. Since this also occurred on GT-2,
the profile of the suction temperatures will be modified for future flights.

The tank bottom probes were in good agreementwith the suction
probes on all tanks. This vehicle incorporated and relocated a new
pump inlet temperature probe (Meas 0024) in the StageI oxidizer feed-
line, thereby correcting the discrepancy that has appearedon all pre-
vious flights. A comparison with data from the original suction tem-
perature probe (Meas 0023) shows that the relocated probe is more in-
dicative of the real propellant temperatures at the pump inlet.

A comparison has beenmade betweenthe suction probes and the
tank bottom probes temperatures at various times after FS1. In this
manner both probes tend to measure the same element of fluid, and
a more realistic comparison is possible. The tank bottom probe tem-
peratures and the pump inlet temperatures at these various times are
shown in Table III- 15.

TABLE III- 15

Comparison of Tank Bottom Probe and Pump Inlet Temperatures

Time Suction Tank Bottom Delta Tern-

Tank (sec) Probe (°F) Probe (°F) perature (°F)

Stage I fuel

Stage II fuel

Stage I oxidizer

Stage II oxidizer

87FS 1 + 5

91FS 1 + 25

87FS 1 + 6

91FS 1 + 22

42.2

39.1

39.0

42.7

42.7

39.8

39.6

43.6

-0.5

-0.7

-0.6

-0.9

3. Propellant Feed System

a. Feedline transients

The maximum transient pressures recorded at the pump inlet in-
strumentation bosses are presented in Table III- 16.
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TABLE Ill- 16

Maximum Transient Pressures

AT
Prevalve

Opening
System Meas (psia)

Stage I oxidizer (0017) No data

Stage I fuel (0014) 46.5

Stage II oxidizer (0510) 72.0

Stage II fuel (0507) Negligible

Initial
Pressure
Wave

Negligible

Negligible

Negligible

Negligible

_T

Ignition
(psia)

114

38

AT
TCV

Closing

Negligible

Negligible

Negligible

Negligible

Design
Operating
Pressure
(psia)

215

55

260

8O

*Not available due to telemetry blackout at staging.

Pressure data at the opening of the Stage I oxidizer prevalves were

unavailable since these valves were opened prior to start of telemetry

recording. Stage I ignition transient pressures were similar to those

on GT-2. Telemetry blackout normally experienced during Stage II

ignition inhibits receipt of data on sustainer engine ignition transients.

Simultaneous propellant exhaustion resulted in no TCV closing spikes

on Stage II.

b. Pump inlet suction pressures

Stages I and II static pressures at the suction line measurement

location are shown in Figs. III-22 through III-25. These figures present

the preflight predicted and post-flight reconstructed pressures, and the

best estimate of actual flight pressures.

The post-flight reconstructed curves have been based on flight meas-

ured values of ullage gas pressure, axial load factors, propellant tem-

peratures, and propellant loadings. The best estimate curves are con-

sidered to be the most indicative of the actual pressures. The Stage I

oxidizer best estimate curve of the static suction pressures at the

measurement boss represents an average of the measured pressure
(Meas 0017) and the two oxidizer standpipe pressures (Meas 0033 and

0034) adjusted to the Meas 0017 transducer location. The Stage I fuel

suction pressure best estimate at the transducer location is an average

of the measured pressure (Meas 0014) and the two fuel accumulator

pressures (Meas 0037 and 0038) adjusted to the Meas 0014 transducer

location. The Stage II oxidizer and fuel best estimate suction pressures

c. NPSH supplied

The NPSH supplied at the engine turbopump inlets during the start

phase and steady-state operation is shown in Table III- 17.
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Fig. 111-22. Stage I Oxidizer Suction Pressure (Meas 0017)
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4. Propellant Utilization

a. Level sensor operation

Figures III-26 and III-27 show the predicted, actual and reconstruc-

ted level sensor uncover times for Stages I and II. Measured level

sensor uncovering times appear in Table III-18. The relationship of
the predicted to the actual times of sensor uncover reflects the higher-
than-predicted flow rates seen on Stages I and II.

Reconstructed level sensor uncover times show closer agreement
to the actuals and reflect a reconstruction using actual engine nominal
values of thrust and flow rate.

Slosh (indicated by on and off signals near the uncovering of two
Stage II oxidizer sensors, one Stage II fuel sensor, and one Stage I
oxidizer high level sensor) was less than that noted on GT-1, GT-2
and on many Titan II flights. The longest duration of slosh was 0.85
second as indicated by the Stage II fuel high level sensor. To obtain
uncover times with slosh present, the time halfway from first uncover
to last uncover was chosen as best representing the actual uncover
time. All recover indications on the unshielded fuel sensors occurred

long enough from uncover so as not to prevent proper interpretation of
the data.

b. Best estimate level sensor uncover times

Table III-19 contains the best estimate of average level sensor un-

cover times for the GT-3 flight. The adjustments to the measured

average uncover times of Table III-18 were as follows:

(1) All times decreased by 0.06 second to allow for the built-

in level sensor delay of 0.033 second and the telemetry
sampling tolerance of 0.05 second.

(2) Stage II fuel tank high level sensor uncover times were de-

creased by 0. 213 second to allow for the apparent delay in
uncover time, probably due to unsymmetrical surface
waves occurring at the tank walls during slosh. Similar

delays were evident on GT-I, GT-2 and on all Titan II flights.

The magnitude of the time adjustment was much less on GT-3
because of two factors:

(a) Duration of slosh on GT-3 was mu_,l ._ L_,_l_ _ ex

perienced on previous flights.

(b) Reanalysis of propellant tank stretch has shown that the

stretch below the level sensor is approximately 0.5 ft3

less than previously calculated.

_*;'-/-N k .IF..IFx .F. k J-r4--_-_
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Also shownin Table III-19 are the integrated average temperatures
betweenlevel sensor uncoverings, andthe corresponding liquid densities.

Table III-20 contains the level sensor volumes and incremental vol-
umes used in the level sensor flow rate analysis.

TABLE Ill- 20

Averaged Volumes at Level Sensor Locations

Averaged Volumes, Incremental
Tank Sensor Stretch Included (cuft) Volumes (cuft)

Hi-level 1711. 870 1673 540
Stage I oxidizer Outage 38.33 "

Hi-level 1406. 345

Stage I fuel Outage 67.24 1339. 105

Hi-level 285. 635 262. 165
Stage II oxidizer Outage 23.47

Hi-level 351. 350 332.90
Stage II fuel Outage 18.45

c. Flow rates

Table III-21 presents the predicted and actual volumetric flow rates
between level sensors.

TABLE III- 21

Propellant Volumetric Flow Rate

Tank Predicted (ft 3/sec) Actual (ft 3/sec)

Stage I oxidizer

Stage I fuel

Stage II oxidizer

Stage II fuel
]

11.916

10. 038

2.211

2.032

12. O29

I0. 168

2. 247

2. 063

This tabulation also reflects the higher-than-predicted flow rates

of Stages I and II engines.

d. Mixture ratio

The following tabulation shows the Stages I and II predicted and ac-
tual engine mixture ratios between level sensors for GT-3. Also

ER 13227-3



III-53

;hownare the mixture ratios predicted on F-0 day as part of the pro-
_ellant tern _erature monitoring procedure.

System

iStageI

StageII

Predicted
Mixture Ratio*

1.9121
1. 7490

Actual
Mixture Ratio

1. 9058
1. 7508

Predicted
Mixture Ratio

(F-0 day)

1.9136
1.7515

*From LV-326-3.

e. Outageandtrapped propellants

The statistical mean andmaximum (99%)outages predicted for GT-3
for both the F-45 day preflight report (Ref. 19) andthe F-0 day propel-
lant temperature monitoring procedure are given in Table III-22. Also
shownare the actual outagesas calculated using the information contained
in the reconstructed propellant inventories (Tables III-26 and III-27 pre-
sented later in this chapter).

TABLE III- 22

Mean and Maximum Outages

Stage I

Stage II

Predicted (F-45 day)

Mean

0.159%
408 Ib

0.325%
194 ib

Maximum

(99%)

0.465%
1197 lb

0.973%
580 lb

Predicted (_'-0 day)

Mean

o. 155%
400 lb

0.319%
190 ib

Maximum

(99%)

0.467%
1201 Ib

0.986%
588 Ib

Actual

o%
0 Ib

0.357% fuel
213 lb

All outages are presented in pounds and as a percent of total steady

state propellants. The value used for total steady-state propellants for
Stage I was 257,405 pounds, and for Stage II was 59,610 pounds.

The predicted and actual trapped propellants for Stages I and II are
shown in Table III- 23.
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Stage I

Stage II

Above interface

Below interface

Above interface

Below interface

TABLE III- 23

T ra _ped Propellants

Oxidize r (lb)

Predicted

0

138

0

20

Actual

0

235

0

20

Fuel (lb)

Predicted

73

309

0

14

Actual

20

309

0

14

The differences in trapped propellants are due to recent re-evaluation
of trapped propellants which will be incorporated on future flights.

f. Start and holddown propellant consumptions

The predicted and actual propellant consumptions during the Stage I
start and holddown transients are presented in Table III-24.

TABLE III- 24

Start and Holddown Propellant Consumption

Stage I

Start consumption

(87FS 1 to TCPS)

Holddown
(TCPS to liftoff)

Oxidizer

Predicted

(Ib)

223

2149

Actual

(lb)

204

2168

Fuel

Predicted

(lb)

43

1127

Actual

(Ib)

4O

1127

The predicted start consumptions listed in Table III-24 were selected
from AGC Report 521-3.15-Q-10 (Ref. 20) after modification to allow
for the difference between propellant out of the tanks (as listed in Ref.

20) and propellant overboard. The actual values were selected from the
later AGC Report 521-3.15-Q-15 (Ref. 21). The predicted holddown
consumption was derived from the engine analytical model and previous
flight test data, while the actual was derived from the PRESTO engine
performance reconstruction program.

For Stage II, the predicted and actual propellant consumptions for

the time from 91FS 1 to 91FS 1 + 1.2 seconds are listed below.
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Start consumption
(91FS1 to 91FS1 + I. 2 sec)

Oxidize r Fuel

Predicted Actual Predicted Actual

(ib) (Ib) (Ib) (Ib)

168 131 72 51

The predicted consumptions were obtained from Ref. 20 and modi-
fied as on the Stage I start consumption. Analysis of the GLV-3 flight
data, however, revealed that the Stage II engine would have had to con-
sume propellants at the steady-state flow rate during the start transi-
ent to equal the predicted values. Evaluation of a later AGC report
(Ref. 21) indicated that the original start consumption prediction was
in error. The actual value was therefore selected from the latter AGC
report.

This difference was also reported for GLV-2 but was discovered

too late to change the GLV-3 loading. It has been changed for GLV-4

and up.

g. Vapor retained

The predicted and actual values of vapor retained in the tanks as a
result of pressurization gases and vaporization during flight are shown
in T able III- 25.

TABLE III-25

Pressurization Gas Inventory

Stage I

Vapor retained:

Oxidizer tank
Fuel tank

Vaporized

Stage II

Vapor retained:

Pressurization

(fuel tank)

Vaporization
(oxidizer tank)

Oxidizer

Predicted Actual

(Ib) (ib)

331
8
6

4

2O

326
8
6

4

20

Fuel

Predicted
(Ib)

98
0

5O

Actual

(Ib)

103
0

53
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The actual values were taken from the reconstructed flight pressure
profile of the pressurization computer program runs.

h. Shutdown

The StageI shutdownwas dueto an oxidizer exhaustion. However,
the remaining fuel was consumedduring the shutdownphaseto yield
zero outage. This resulted in essentially a simultaneous propellant
exhaustion shutdown. The predicted and actual values for the propel-
lants consumedduring shutdownare shownin the tabulation which fol-
lows. The actual values were obtained by integrating a curve (derived
from PRESTO)of flight flow rate versus time after 87FS2.

The StageII shutdownwas initiated by a guidance command. There-
fore, the propellants were not exhausted as in StageI. The predicted
and actual values for the propellants consumedduring shutdownare
shownbelow. The actual values were computed from actual data in
the samemanner as StageI.

StageI

StageII

Propellant ShutdownConsumption
Oxidizer Fuel

Predicted
(Ib)

II0

86

Actual
(ib)

0

87

Predicted

(Ib)

66

69

Actual

(ib)

44

70

i. Propellant inventory

The GT-3 reconstructed propellant inventories for Stages I and II

are presented in Tables III-26 and III-27. This inventory consists of
both nonusable and usable propellants. The burning time margin for

Stage II was 3. 719 seconds.

5. Components

a. Prevalves

All prevalve functions were performed without incident. GLV-3
was shipped from Baltimore to Cape Kennedy with dummy prevalves
(solid cups welded back-to-back with appropriate prevalve flanges).
Following the wet mock simulated launch test, all six dummy pre-
valves were replaced with new flight valves. Prevalves installed for

the flight are identified in Chapter XVII.

1

tt_,_..,_k.,/I W! I_i...I _1 III _
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VI.

VII.

VIII,

TABLE III-26

Stage I Reconstructed Propellant Inventory

I. Predicted average inflight engine mixture ratio:
il. Actual average inflight engine mixture ratio:

III. Outage (% of predicted total usable propellants):

1.909+_ 1.05%
1. 9003 +_ 1.71%
0

IV. Nonusable propellants

A. Fuel bleed

B. Start consumption (87FS 1 to

TCPS)
C. Holddown (TCPS to blow bolts)
D. Trapped above interface at

separation
E. Trapped below interface at

separation
F. Vapor retained at shutdown

1. For pressurization
a. Oxidizer tank
b. Fuel tank

2. Vaporized
G. Total nonusable propellants

V. Usable propellants

A. Steady-state overboard (blow

bolts to 87FS2)

B. Shutdown transient (87FS 2 to
separation)

C. Outage
D. Total usable

Total propellant loaded

Propellant load at LO

Weight of initial pressurizing gas

A. Fuel tank (N 2)

B. Oxidizer tank

1. N 2

2. NO 2

Oxidizer
(ib)

204
2,168

0

235

326
8
6

2,947

Fuel Total

(Ib) (ib)

ii

244

3,295

2O

544

0 326
103 iii

0 6
i, 610 4, 557

ii

40

i, 127

20

309

168,527

0
0

168,527

171,474

168,893

88,791

44

0
88,835

90,445

89,132

257,318

44
0

257,362

261,919

258,025

8

ii

9
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TABLE III-27

Stage II Reconstructed Propellant Inventory

I. Predicted average inflight engine mixture ratio:
Ii. Actual average inflight engine mixture ratio:

III. Outage (% of predicted total usable propellants):
IV. Burning time margin (time to command shut-

down) (sec):

1. 748 + 2.38%
1.754 +_ 1.55%
0.354 (fuel)

3.719

V. Nonusable propellants

A. Fuel bleed

B. Trapped above interface at

91FS 2 + 20 sec (0% thrust)

C. Trapped below interface at

91FS 2 + 20 sec (0% thrust)

D. Vapor retained at shutdown

i. For pressurization (fuel
tank)

2. Vaporized (oxidizer tank)

E. Total nonusable propellants

VI. Usable propellants

A. Start consumption

(91FS 1 to 91FS 1 + i. 2 sec)

B. Steady-state overboard

(91FS 1 + i. 2 sec to 91FS2)

C. Shutdown consumption

(91FS 2 to 0% thrust)

D. Steady-state residuals

(after 91FS2)

1. Burning time margin
2. Outage

E. Total usable propellants

Total propellants loaded

Weight of initial pressurizing gas

A. Fuel tank (N 2)

B. Oxidizer tank

1. N 2

2. NO 2

VII.

VIII.

Oxidizer

(ib)

2O

4
20
44

131

Fuel

(ib)

ii

0

14

53

78

51

37, 175

87

788

38, 181

38,225

21, 147

70

432
213

21,913

21,991

Total

(Ib)

ii

0

34

57
20

122

182

58,322

157

1,220
213

60,094

60,216

4

21

i0

,,"-',"'_ ,r,r-,r-_ I"i-,,I,A I
_-- __.__/I-_1 IVLV_T1/ %L _
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In the process of replacing oneStageI oxidizer dummy prevalve
with the flight prevalve, contamination was detected in the dummy pre-
valve. The tank was flushed onetime, no further contamination was
found, and the flight prevalve was installed.

b. Level sensors

GLV-3 was flown with 22 Bendixoptical-type propellant level sen-
sors of the Martin 424-7491004-009configuration. These sensors in-
cluded a modification which incorporated a chip seal, a device designed
to prevent chips from the glass seal of the sensor from contaminating
the propellants should the glass seal produce chips. Identification and
other configuration andinstallation data of all the level sensors used
on this flight are shownin Table III-28.

All propellant level sensors functionedsatisfactorily in providing
data usedto determine propellant flow rates. Three of the fuel level
sensors exhibited extraneous covered signals after normal uncovering.
The two StageI high level fuel sensors (Meas 0054and 0055)signaled
normal uncovering as the propellant level completely passedthe sen-
sor locations: however, approximately 16secondslater, each of these
sensors returned to the covered signal condition accompaniedby one
or more cycles of covered-uncovered signals. Each one finally ended
up with a covered signal which remained until the end of StageI flight.
The StageI shutdownlevel fuel sensor {Meas 0050)signaled normal
uncovering but returned to and remained in a covered signal condition
approximately 0.3 secondlater.

The reappearance of covered signals on fuel level sensors after nor-

mal uncovering was reported on previous Titan II flights and on the GT-I
and GT-2 flights, and has been attributed to contamination of the sensor

optical prism by autogenous gas products. Shields (not available for the

GT-3 flight}, designed to prevent this contamination, were successfully
demonstrated on GLV-2. During the GT-2 flight, 6 of the 12 fuel sen-

sors were shielded, and none of the shielded sensors generated covered

signals after the propellant level completely passed the sensor. By
contrast, three of the unshielded fuel sensors returned falsely to the

covered signal condition.

c. Ball valves

Performance of the AGE ball valves was completely satisfactory

during the launch efforts for GT-3.

d. Oxidizer suction line standpipes

The standpipes were charged with nitrogen gas at approximately
T-125 minutes. No problems were encountered during the charging
procedure. The configuration of the GLV-3 standpipe was unchanged
from that flown on GLV-I and GLV-2. Standpipe pressure data were
normal.
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TABLE III- 28

Propellant Level Sensor Serial Numbers and Locations

Function

Oxidizer tank

High level

Outage

Shutdown

Fuel tank

High level

Meas

0057
0056

OO59
0058

0054
0055

Stage I

Location Volume Serial

(quadrant) (cuft)* No.

IIl

I

1712.42
1711.32

000360
000264

II/III 38.38 000315
I/IV 38.28 000432

I

III
1406.25
1406.44

000340
000405

Outage

Shutdown

0052

0053

OO6O
0O5O

III
I

III
I

Stage II

67.13 000396
67.35 000411

8.19 000320
8.29 000371

Function

Oxidizer tank

High level

Outage

Shutdown

Meas
Location Volume

(quadrant) (cuft)*

Serial

No.

0543 II 285.80 000424
0542 IV 285.47 000408

0549
0548

0545
0550

Fuel tank

High level 0541
0540

0547
0546

0544

0551

Outage

Shutdown

*Volume to interface

1

If/Ill
I/IV

23.42
23.52

000362
000385

II 5.41 000364
IV 5.37 000397

III 351.37 000376
I 351.33 000363

III

I

II
IV

18.63
18.27

1.99

2.13

000333
000319

000380
000394

including tank stretch at uncover time.

#_/-_ Irlr_l -_ '-_' " I,, .
_-_! _I IL./l--=l • V Vr ,11.._"
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e. Fuel suction line accumulators

The fuel accumulator assemblies used on GLV-3 incorporated a
number of modifications as a result of the piston displacement instru-
mentation problems encountered on the GT-2 flight. The changes were
as follows:

(i) Spectral Electronics potentiometer incorporated heavier
gage wire in the critical area between coil and case, com-
plete potting of the volume around the heavier wires, and a
greater wiper force.

(2) Heavier bracket at the end of the piston shaft.

(3) Addition of a heat shield completely surrounding the extended
piston and potentiometer assembly.

(4) Use of an electrical connector mounted on the heat shield to

pick up the potentiometer leads and shorten their unsupported
length.

The response of piston displacement Meas 0035 and 0036 was excel-
lent throughout the flight; this excellent performance is attributed to
the aforementioned modifications.

Figure III-28 is a plot of indicated accumulator piston displacement
during Stage I flight. Figure III-29 presents high speed traces at vari-
ous times of interest during flight.

Piston displacement data can be matched to the estimated flight
pressure at the accumulator piston shown in Fig. III-28 (dashed curve).

The general amplitude of S/A 1 was much greater than that of S/A 2 as

indicated by the high speed traces in Fig. III-29. Using accumulator

measurements only would indicate that the high S/A 1 amplitudes were

caused by the 6-cps motion superimposed on the predominantly 22-cps
motion (the measured piston frequencies, 6 and 22 cps, are the resonant

frequencies of the fuel system).

Dynamic friction levels for dry accumulators were measured prior
to installation of the accumulator assemblies, and again prior to flight.
A summary of these friction measurements follows. Friction levels
are measured as peak-to-peak values (twice the equivalent friction
force in one u_ =_v,,,.
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Engine
Subassembly

Peak-to- PeakFriction (psi)
Bench

1.6
1.3

Preflight

1.4

1.2

Observed flight data do not indicate significant differences in friction
levels between accumulators.

f. POGO performance

A detailed description of the Stage I longitudinal vibrations which
occurred on GT-3 appears in Chapter XII. Both steady-state and dy-
namic levels of pertinent propulsion system parameters (including
pump suction, pump discharge, and thrust chamber pressures) are

presented.

Propulsion measurements other than standpipe pressures did not
exhibit significant POGO structural frequency responses (i0 to 18 cps).
Pressure amplitudes were somewhat lower than GT-2 data, particularly
in the standpipes, a good indication of low POGO activity. Table III-29
presents pressure amplitudes at various flight times. By comparison,
at the maximum POGO time, GT-2 zero-to-peak pressure amplitudes
for Meas 0033 and 0034 were 22 and 20 psi, respectively.

TABLE Ill- 29

Propulsion POGO Parameters

Oxidizer Standpipe
Maximum Pressure

Amplitude

(zero -to-peak)*
(psi)

Fuel Accumulator

Maximum Pressure

Amplitude

(zero-to-peak)*

(psi)

Time
from

87FS1 S/A 1 S/A 2 S/A 1 S/A 2

(sec) Meas 0033 Meas 0034 Meas 0037 Meas 0038

I00

120

140

145"*

150

9

7

8

9

8

6

4

5

5

5

*Unfiltered data

**Maximum POGO
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Fuel and oxidizer cavitation indices are shown in Fig. III-30. These
parameters have a partial correlation with POGO levels and are pro-
vided for reference only. These data are referenced to the pump inlet
stations, with impeller velocities calculated on the basis of a 7-inch
oxidizer impeller diameter and a 6-inch fuel impeller diameter. The
results are similar to GLV-I and GLV-2 results, as indicated in Table
III-30.

TABLE III-30

Comparison of Cavitation Indices

Flight

GLV-1

GLV-2

GLV-3

Bur n
Time
(sec)

157.5

155.5

155.8

Bur n
Time

(%)

70
80
90

70
80
90

70
80
90

Oxidizer Cavitation

Index (ko)

0. I01

0.115
0.132

0.106
0.120
0.137

0. 107
0.120
0.138

Fuel Cavitation

Index (kf)

0. 084
0.085
O. 086

0.082
O. 083
0.085

0. 080
0. 079
0. 079

C. PRESSURIZATION SUBSYSTEM

I. Prelaunch Pressurization

At approximately T-185 minutes, all propellant tanks were pres-

surized through the AGE from blanket pressure level to flight pressure
levels. The resultant time-pressure profiles (Fig. III-31) indicate that
the process was normal. The tank ullage lock-up pressures from land-
line measurements made at T-0 and the related normal operating pres-
sure ranges are as follows:

Meas

4125

4129

4602

4605

Normal Range Measured
Parameter (psia) (psia)

Stage I fuel tank pressure

Stage I oxidizer tank pressure

Stage II fuel tank pressure

Stage II oxidizer tank pressure

27.5 to 31.5

30. bto 34.5

49.5 to 54.5

53.5 to 57.5

27.6

34.2

51. 5

55.2
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2. Fli_ht Pressurization

Stages I and II ullage gas pressure time histories are shown in Figs.
III-32 through III-35. These figures show flight-measured pressures,
preflight-predicted pressures and post-flight reconstructed pressures.
The flight-measured pressures shown were obtained by averaging the
telemetered output from each pair of pressure transducers in the in-
dividual tanks. The preflight predicted curves are from Ref. 19. The
post-flight reconstruction was based on flight-measured values of en-

gine performance, propellant temperatures and propellant loadings. A
comparison of significant pressurization system parameters taken at

FS 1 + I00 seconds is given in Table III-32.

Figures III-36, III-37 and III-38 present the preflight-predicted and
the inflight-measured pressurization parameters for the autogenous-
gas pressurized tanks.

3. Component Performance

All pressurization subsystem components functioned normally. The
previously troublesome Stage I oxidizer tank pressurization disconnect
poppet and cap, incorporating {for the first time} a Kynar seal, did not
leak. The Stage II oxidizer tank sensor pairs (A and B) exhibited none
of the erratic behavior shown on the GT-2 flight. The maximum and
mean pressure differences between pairs of sensors in each of the in-
dividual propellant tanks are shown in Table III-31.

TABLE Ill- 3 l

Pressure Differences Between Tank Pressure Transducer Pairs

Tank

Stage I oxidizer

Stage I fuel

Stage II oxidizer

Stage II fuel

Maxilnu n]
Difference

(psi)

Mean

Difference

(psi)

0.64

0.37

0.87

0.73

0.15

0.11

0.54

0.33

Maximum
Allowable
Difference

(psi)

I. 50

I. 50

2.25

2.25

D. ENVIRONMENTAL

I. GLV Air-Conditioning System

The air-conditioning system which serves launch vehicle Comparl-
ment 2 and all engine start cartridges was operative continuously during
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.I III-69

• " i:L:H_.: :.:h:%_L

0 i :¢H:'.....+;_. ,.....

P::::: :::7 .......

....::::::::::::y¢

:::q:t'_

!!tP.:_

.... !:

t H:

:::2'.::

ii_i!

:_iii;;i

:F.:t_:!

i::::i2

i-!i;:
:._: q

;2;--

t!ii:::_l

(_.tsd) o.,tnssoacI s,_ o o_IIYl :.tue.l.

0
4o

0

o
hO
¢6

,-4
,-q

,.-q
©

H

¢0
_ztO
a_

40
W2

o]
0"3

t
H
H
H

ER 13227-3



III -7 0

o

(e_.sd) aanssaad se D aBeTlfl _lueJ_

ER 13227-3



III- 71

ii _ :!_!i_i_i!!!

:trH_::t . _

_ m

gEbf.__ N

N_

0

Or] i:: :_:_; L_: : : :

"0 :+. _: ....

ilii: :i l!!:::i: i!!:.!i__,:_ ......

:_i_iZil ii iii:!: : !! i!:E _.:i!_!i _:::

ii:_;_:__:_:_iiiiii_| _i;__! ::__:._:-I

c.O t_

(e_.sd) oan_soad se O 09eI'[_q_lueJ_

O

t_

_D

O
it0
¢fl
r-_

,-q
_D

H
I-4

_D
t_
¢6

_D

feb
I

I--I
I,-I
H

ER 13227-3



III-72

(eTsd) o,_n_soad _D o_ILVl _IU_.L

O

-r-I
t_

,-I

o

.,-I

O

I-4
H

4_
o3

(w3
i

H
H
H

.,-I

h_ Irll _ '" "--" I

._,_--"_.__, _, iL_Li N I I/ \L-

ER 13227-3



III - 73

290

270

250

_ 230

.2

V 21o
N
0

e 190

_ 17o

150

130

110
0. 050 O. 055 O. 060 O. 065 O. 070 O. 075

Flow Ratio Wfp/Qfs (lb pressurant gas/cu ft propellant)

Fig. 111-36. Stage I Fuel Tank Pressurant Performance

O. 080

ER 13227-3



III-74

430

A 410

(_ 390

0

_ 370

0 350

fi

_ 330

0

(9

_ 310
r_

"_ 2 90

270

250

0.12

155}- (, _i:. /i-

155i_

: i/ ! i

A Preflight prediction ' _ : :

0 Flight performance I '- ': _ "

............... + . .

Note: All times from 87FS 1 :i:::_

I

0.13 0.14 0.15 0.16 0.17 0.18

Flow Ratio, VVop/Qos (lb pressurant gas/cu ft propellant)

0.19

Fig. III-3T. Stage I Oxidizer Tank Pressurant Performance

ER 13227-3



III - 7 5

2 90

270

_ 250

_ 230
bl
bl

O

_o 210

_ 19o

G

_ 170

150

i

130

A Preflight prediction ......... ; " ! :

} ........... !: .i:_rT -, _.... rOFlight performance ! -i_ i; . • • r : _ : i i

Note: All times from 91FS 1 ......................

0.10 0.11 0. 12 0.13 0.14 0.15 0.16

Flow Ratio Wfp/Qf S fib pressurant gas/cu ft propellant)

Fig. III-38. Stage II Fuel Tank Pressurant Performance

0.17

ER 13227-3



III-76

TABLE III-32

Significant Pressurization System

Parameters at FS 1 + 100 Seconds

Parameters

Stage I fuel tank

Tank pressure, PFT (psia)

Nozzle inlet pressure,

PFPOI (psia)*

Nozzle inlet temperature,

TFPOI (° F)

Flow ratio, WFp/QFs

(ib / cuft)

Stage I oxidizer tank,'.'*

Tank pressure, POT (psia)

Orifice inlet pressure,

POPOI (psi&

Orifice inlet specific en-

thalpy, HOPOI (Btu/lb)

Flow ratio, Wop/Qos

(lb / cuft)

Stage II fuel tank

Tank pressure, PFT (psia)

Nozzle inlet pressure,

PFPOI (psia)***

Nozzle inlet temperature,

TFPOI (° F)

Flow ratio, WFp/QFs

(ib/cuft)

Stage II oxidizer tank

Tank pressure, POT (psia)

Propellant flow rate, QOS

Preflight
Predicted

23.60

259.9

234

0. 0688

18.61

529.8

340

0.1794

49.70

398.6

223

0.1448

15.22

Flight

(cu ft/sec) 2. 2005

*Nozzle diameter, FPN Stage fuel--0. 48
**Flow control venturi coefficient- -0. 0513

**':'Nozzle diameter, FPN Stage II fuel--0. 26 in.

23.28

265.1

249

0.0657

18.81

511.1

345

0.1770

49.46

404.2

223

0.1443

13.70

2.2303

In.

Post-flight
Reconstructed!

23.68

265.1

249

0.0657

18.69

511.1

345

0.1770

49.66

404.2

223

0.1443

14.75

2.2303
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the prelaunch activities until vehicle liftoff. The system performed
satisfactorily. Table III-33 presents a summary of the system param-
eters.

TABLE III-33

Air-Conditioning System Summary Performance

Meas

4403

4405

4418

Observed Specified
Description Range Range Remarks

52 ° to 55 ° FGLV supply air
temperature

Compartment 2
supply air mass
flow rate

Compartment 2
exhaust air

temperature

Approxi-

mately 90 Ib/
min

56oto 61°F

48 ° to 56 ° F

(Compart-
ment 2) 48 °
to 58° F

(engine
start

cartridges)

82 Ib / min
(minimum)

40°to 75oF

Temperature
of air supplied
to GLV Com-

partment 2
and engine
start car-

tridges

Manual hold

parameter

2. Stage I Oxidizer Tank Dome Pressure at Staging

Pressure rise on the exterior of the Stage I oxidizer tank dome dur-
ing the staging sequence was measured by one high-frequency pressure
transducer (Meas i085) located on the tank dome surface at Station 607,
WL 58 and BL 27R. This location was identical to that on GLV-2.

Figure III-39 presents the recorded pressure-time profile which was
generally similar to that noted on GLV-2. The observed maximum
pressure peak of 66 psia, while in excess of the 40 psia recorded on
GLV-2, is below the value used in designing the tank dome.
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IV. FLIGHT CONTROL SYSTEM

A. STAGE I FLIGHT

i. Ignition and Liftoff Transients

Peak actuator travels and rate gyro disturbances recorded during
the holddown period are presented in Table IV-l. A 0.5-cps oscillation
was observed on the pitch and yaw axes rate gyro signals before the
vehicle lifted off; this frequency corresponds to the first bending mode
which was excited by winds.

TABLE IV-I

Transients During Stage I Holddown Period

Actuator

Designation

Pitch, 1
1

Yaw/roll, 21

Yaw / roll, 31

Pitch, 4 1

Axis

Pitch

Yaw

Roll

Maximum Peak

During Ignition

Travel

(in.)

-0. 140

+0. 270

+0. 090

-0. 060

Time from
87FS

1

(sec)

0.86

0.88

0.81

0.79

Maximum Rate

Stage I Gyro
(deg/sec)

±0. 4

+0.3

±I. 0

Maximum During
Holddown

Null Check
(in.)

+0.030'

-0.020

±0.010

-0.030

Maximum Rate

Stage II Gyro
(deg/sec)

+0.9

+0.2

The combination of thrust misalignment and engine misalignment at
full thrust initiated a roll transient at liftoff. The response of the flight
control system (FCS) to correct the offset kept the roll rate to a maxi-
mum of i. 53 deg/sec CW at 0.3 second after liftoff (Fig. IV-l). The
rate oscillation had a basic frequency of 4.4 rad/sec, damping out in
I. 5 seconds--exactly as predicted in prelaunch stability studies. The
roll rigid body oscillatory mode of approximately 15. 5 rad/sec can also
be seen on the rate trace.
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As shownon the error roll curve in Fig. IV-I, a roll bias of 0.73
degree CWwas introduced at liftoff by the equivalent engine misalign-
ment of 0.13 degree.

2. Roll and Pitch Programs

The measured flight results of the TARS roll and pitch programs
are shown in Table IV-2. The rate gyros indicate that proper roll
and pitch programs were executed during flight. The maximum roll
and pitch rates, which occurred at the start of their respective pro-
grams, were 1.4 deg/sec CW for roll and 0.9 deg/sec pitch-down.

TABLE IV-2

TARS Roll and Pitch Programs

Program

Roll
Start

Stop

Pitch

Step I
Start

Pitch

Step II
Start

Pitch

Step III
Start

Stop

Flight
Time
(sec)

LO + I0. 14

LO + 20.42

LO + 23.01

LO + 88.22

LO + 118. 84
LO + 162.32

Nominal
Time

(sec)

10. 16
2O. 48

23.04

88. 32

119.04
162.56

Flight Data--
Stage I Rate

Gyros (deg/sec)

Primary

i. 14 CW

-0.70

-0.49

-0.20

Secondary

I. 12 CW

-0. 58

-0.39

-0.20

Torquer
Monitor

Rate

(deg/sec)

i. 16CW

-0. 70

-0. 51

-0.25

Nominal
Rate

(deg/sec)

1.25 CW

-0.697

-0.493

-0.246

3. TARS-IGS Comparison

The TARS and IGS attitude signals during Stage I flight for pitch,
yaw and roll are presented in Figs. IV-2, IV-3 and IV-4.

The dispersion between the TARS and [GS attitude signals is caused
by TARS and IGS gyro drifts, errors in open-loop guidance programs,
and reference axis cross-coupling. The dispersions at BECO and the
contributing factors are given in Table IV-3.

ER 13227-3



IV-4

O

0

ER 13227-3



- IV-5

A
tm

,o
v

o

cD

1
-2°

o 2o

Fig. IV-3.

Liftoff (sec)

Yaw Attitude Error History During Stage I Flight

160

BECO

ER 13227-3



IV-6

+2.0

1
+1.0

L)

A
bO
(D

0

b-1

0

L)
U -1.0

1

I +I.0

0

20 40 60 80 I00 120

Time from Liftoff (sec)

140

ii:

160

BECO

Fig. IV-4. Roll Attitude Error History During Stage I Flight

ER 13227-3



IV-7

TABLE IV-3

TARS-IGS Dispersion at BECO

A xi s

Pitch

Yaw

Roll

Total

Dispersions

(deg)

+I. 60

-0. 90

-2. 40

Contributing Factors

TARS Drift

Anticipated
Drift at

BECO (deg)

+0. 15

-0. 22

-0. 72

Hourly
Drift
Rate

+3.60
deg/hr

-5.13

deg/hr

14.00

deg/hr/g

TARS
Guidance

Program
Errors

(deg)

+0.83

-0. 20

Uncertain

Dispersions
(deg)

+0.62

-0.68

-i. 48

The uncertain dispersions are attributed to cross-coupling effects in
IGS, IGS gyro drifts, IGS guidance program errors, and additional TARS
gyro drifts.

4. Stage I Flight Disturbances

The primary FCS operated properly during Stage I flight as shown by
the TARS attitude signals in Figs. IV-2, IV-3 and IV-4. These attitude
signals reflect response to wind disturbances and to the guidance pro-
grams.

Analysis indicates that the speed and direction of the winds aloft are
the causes of the vehicle disturbance. The control system response to
these disturbances was normal and well controlled. During wind dis-
turbances, oscillations occurred in both pitch and yaw at the predicted
rigid body oscillatory mode frequency of i. 6 rad/sec with an average
peak-to-peak amplitude of 0.2-degree attitude error. In roll, the
oscillations occurred at the roll rigid body natural frequency of approx-
imately I cps with an average peak-to-peak amplitude of 0. 1 degree.
These oscillations were similar in nature to those experienced during
the GT-I and GT-2 flights due to wind disturbances. During the wind
disturbances, the vehicle rates never exceeded 1 deg/sec and a maxi-
mum recorded attitude of i. 68 degrees.

At the tinge of gain change (LO + !05 aeeonds), there was a noticeable,
but very highly damped, pitch transient reaching a maximum of 2. 26
degrees attitude error.

Due to the nature of the winds aloft combined with the pitch rate pro-

gram, the attitude and rate pitch errors command an engine deflection.
The reduction of attitude and rate gains reduces the amount of engine de-
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flection. Therefore, the attitude error increases rapidly causing an in-

crease in engine deflection. The proper system response is indicated
by the following equation:

(_ 1___) KR_ (_f 1 .)26= KD@ 1 + +7S

where

-- 1/22 second

S= j_

= 0. 314 rad/sec (value obtained by measuring first half of
transient overshoot)

Table IV-4 presents a comparison of GT-3 in-flight attitude errors
with the theoretical calculated errors before and after gain change flight
conditions. The small difference between theoretical and actual can be

attributed to minor variations in gains and/or wind effects during the
transient period. Analyses indicate that the control system reacted
properly to the flight conditions which existed before and after gain
change.

TABLE IV-4

Gain Change Calculations

Parameter

Flight data
Engine deflection (5)
Pitch rates (())

Design gains

Displacement (K D)

Rate (K R)

Pitch attitude error (@)
Theoretical
Measured

Before Gain Change
(LO +104. 5 sec)

0. 242 deg
-0. 55 deg/sec

0.65 deg/deg

0.40 deg/deg/sec

0. 71 deg
0.68 deg

After Gain Change
(LO +108. 5 sec)

0.348 deg
-0. 45 deg/sec

0.21 deg/deg

0.165 deg/deg/sec

2.18 deg
2.26 deg

The maximum rates and attitude errors recorded during the wind

disturbance and gain change periods of Stage I flight are noted in
Table IV- 5.

k w
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TABLE IV-5

Stage I Maximum Rates and Attitude Errors

Stage I Rates Time from Liftoff
Axis (deg/sec) (sec)

Pitch

Yaw

Roll

Axi s

Pitch

Yaw

Roll

Attitude Error

(deg)

71.5
106.

79.
93. 5

58. 5
59.

Time from Liftoff
(sec)

+1. 14
+1. 14

62.
108. 5

71.
85.

107.
152.

5. Static Gains

The primary FCS static gains (as determined from telemetry data)
were within the instrumentation inaccuracy of preflight evaluations,

and indicate that no static gain deterioration was experienced during
Stage I boost flight.

B. STAGE H FLIGHT

1. Stage Separation

During the staging event, moderate rates and attitude errors of the
sustainer vehicle were observed. The maximum attitude errors re-
corded were as follows:

Pitch

Yaw

Roll

-0.59 deg at BECO + 2. 2 see

+1.8 deg at BECO + 2. 4 sec

-0.48 deg at BECO + 1. 2 sec
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The maximum sustainer vehicle rates recorded were as follows:

Pitch

Yaw

Roll

-1. 5 deg/sec at BECO + 1. 2 sec

+1. 5 deg/sec at BECO + 1.6 sec

-2.0 deg/sec at BECO + 0. 7 sec

These were also the maximum recorded rates for the entire Stage II

flight except for a guidance-induced pitching rate of -2.0 deg/sec
about 3.25 seconds after guidance initiation.

In general, all staging-induced sustainer rate transients were com-
pleted by BECO +5 seconds; however, a 17-second lightly-damped yawing
rate oscillation of approximately 0.8 cps was observed with a maxi-
mum peak-to-peak rate of about 0.47 deg/sec and an accompanying
peak-to-peak displacement error of about 0. 12 degree. From linear
analysis, this frequency is in agreement with that of the Stage II
oxidizer slosh mode. The probable cause of the excitation of this mode
was the yawing motion of the vehicle in adjusting for a yaw attitude
bias error which was immediately evident when the separation transient

disappeared.

2. Pitch and Yaw Attitude Bias

The FCS indicated an attitude bias in both pitch and yaw during

Stage II flight, which was well within predicted limits. The attitude
error signals for pitch and yaw are shown in Figs. IV-5 and IV-6.
The attitude biases are mainly caused by engine thrust vector mis-
alignment due to structural deformation at the engine gimbal assembly,
center-of-gravity travel off the vehicle longitudinal axis, and the posi-
tion of the roll thrust vector off the longitudinal axis. The GT-3 yaw
bias of +I. 4 degrees is similar to the biases experienced on GT-I and
GT-2 flights. The GT-3 pitch bias of -0.6 degree is the same order
of magnitude as that on GT-2. The pitch actuator length adjustment
incorporated on GT-2 and GT-3 greatly reduced the pitch bias from
that experienced on GT-I. The deviation of the pitch and yaw attitude
errors from the predicted values (which assumed fixed bias, center-
of-gravity shift and roll thrust bias) toward the end of Stage II flight
is similar to that experienced on GT-I and GT-2 flights.

3. Guidance Initiate

The guidance enable command was generated by the TARS timer at
LO + 162.30 seconds. The first pitch guidance command was received
at LO + 168.68 and was a full 2.0 deg/sec pitch-down command for 12.3

seconds. Low magnitude pitch commands existed during the remainder
of flight. The first yaw command was received at LO + 169.6 seconds.
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All yaw commands during Stage II flight were low magnitude, and
never exceeded 0.06 deg/sec. The rate gyro signals substantiated the
correct response to the guidance commands.

4. Static Gains

The primary FCS static gains determined from telemetry data were

within the instrumentation inaccuracy of preflight evaluations.

C. POST-SECO FLIGHT

i. Vehicle Motions

Prior to SECO, telemetry data indicated that the pitch actuator
was retracted, producing a sustainer engine gimbal deflection of 0.332
degree to correct for a pitch error of -I. 424 degrees nose-down. In
yaw, the error was -0. 727 degree with an equivalent engine gimbal
deflection of 0. 143 degree. At SECO, the roll error was less than
0.i degree counterclockwise.

Pitch, yaw and roll attitude errors and rates during the period
from SECO through spacecraft separation are shown in Fig. IV-7.
Significant vehicle rates measured during this period appear in Table
IV-6.

TABLE IV-6

Vehicle Rates Between SECO and Spacecraft Se _aration

Rate

Pitch Axis (deg/sec)

Max positive rate (91FS 2

Max negative rate (91FS 2

Rate at 91FS 2 + 20 sec

+ 2.4 sec)

+ 17. 2 see)

Rate at spacecraft separation (91FS 2 + 25.6 see)

Yaw Axis

Max positive rate _' _o

Max negative rate (91FS 2

Rate at 91FS 2 + 20 see

I _.__ 3 sec)

+ O. 34 see)

Rate at spacecraft separation (91FS 2 + 25.6 see)

+0.9

-0.4

-0.4

-0. I

+0. 2

-0.2

+0.2

+0.5
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TABLE IV-6 (continued)

Rate

Roll Axis (deg/sec)

Max positive rate (91FS 2

Max negative rate (91FS 2

Rate at 91FS 2 + 20 sec

+ 2. 1 sec)

+ I0.4 sec)

Rate at spacecraft separation (91 FS 2 + 25.6 sec)

+0.4

-0.6

+0.3

-1.2

The Stage II redundant engine shutdown system was used for the
first time on the GT-3 flight. With this type of shutdown, the roll
nozzle thrust decay precedes the sustainer thrust decay. Also, the
initial portion of the sustainer engine and gas generator nozzle thrust
decay as experienced on GT-3 was very rapid in comparison to the
same GT-2 parameters with the normal thrust chamber valve shut-

down. These two factors caused the vehicle' s post-SECO rates to be
less severe than those experienced on the GT-I and GT-2 flights.

2. Post-SECO Simulations

The vehicle motions observed beyond SECO on the GT-3 flight have
been reconstructed via the current analog post-SECO simulation. The
initial conditions and engine thrust decay characteristics were obtained
from the flight telemetry data. Preflight autopilot gains and compen-
sating dynamics were utilized. These data (as well as the factors

which were introduced in the initial portion of the subject period in
order to obtain the vehicle motions) are shown in Figs. IV-7 and IV-8.

A comparison of flight with simulation results appears in Fig. IV-7.

The biases assumed for thrust vector position and magnitude can be
explained as follows:

a. Pitch

The transient at SECO + 0. 1 second appears to be caused by the
removal of propellant line bias loads during shutdown.

The second step at SECO + 0.4 second appears to be caused by the
removal of a thrust dependent bias (such as structural deformation)
experienced during Stage ii fiight .................... A_,_oL_[lUt_i" lU_J. LIIJ. L_OL, '_..,',_IJ.u±bJ._.,_J._.
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Bias Steps Required to Reconstruct GT-3 Flight Data
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Fig. IV-8. (continued)
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b. Yaw

The small transient in yaw at SECO + 8 seconds can be attributed
to one of these factors:

(I) Due to the large quantity of propellant remaining at SECO,
the vehicle lateral, horizontal and vertical center of gravity
offsets could have shifted an amount equivalent to the assumed
bias when the vehicle reached a condition close to zero g
loading.

(2) A small change in the thrust vector position could have
occurred. Existing telemetry instrumentation does not
detect the direction of the thrust vector.

c. Roll

The small transient at SECO + 0.05 second appears to be caused by
the removal of propellant line bias loads during shutdown.

The second roll bias step (12 °) becomes effective at SECO + 0. 625
second and remains so until SECO + 2. 5 seconds when a step of the

same approximate magnitude is removed. The large bias step is
similar in magnitude to the one required to reconstruct the GT-1
post-SECO motions. Even though the nozzle deflection required
appears to be large, the equivalent actuator and structural deformation
of the roll nozzle supporting structure is only 1/2 inch. The most

probable cause of this transient is a change in the roll nozzle thrust
vector position. However, it could be caused by perturbations in the
main sustainer engine thrust decay. These perturbations can be small
enough to be ineffective in pitch and yaw, but large enough to cause the
required roll nozzle transient.

Contrary to preflight predictions, the GT-3 flight post-SECO pitch-
ing rates were higher than the yawing rates. On this flight, the total
Stage II pitch thrust misalignrnent in pitch (including the actuator null
length adjustment as well as the bias recorded in flight) exceeded the
yaw thrust dependent bias. With the rapid sustainer engine thrust
decay, the removal of the thrust dependent biases largely determine
the resulting vehicle rates. No attempt has been made to simulate the
sequence of events immediately preceding spacecraft separation.
Therefore, the GT-3 flight data and the simulation results only indicate
correlation for the period from SECO to SECO + 20 seconds.
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V. HYDRAULIC SYSTEM

Analysis of the telemetered data revealed that the GLV-3 hydraulic
systems performed satisfactorily during Stages I and II flight.

Shortly before the launch of GT-3, the engine-driven hydraulic pumps
were replaced with units that had been recently cleaned by the vendor,
thereby minimizing the probability of contamination being present prior
to start of vehicle systems tests requiring hydraulic power. The newly
installed pumps were checked with a Gauss meter to verify free motion
of the compensator. The pump response during engine start was normal
(Fig. V-l) and there was no evidence of stiction as occurred on the GT-2
launch.

A. STAGE I

1. Primary Subsystem

The output of the Stage I electric motor pump was automatically
switched from the secondary subsystem to the primary subsystem at
T-II0 seconds. This event pressurized the primary subsystem and
resulted in normal system operation. The indicated accumulator pre-
charge was 1820 psia. Electric motor pump pressure was a normal

3265 psia at T-0. Enginestart transients starting at 87FS 1 + 0.76 sec-

ond produced flow demands which dropped primary pressure to 2580

psia at 87FS 1 + 0.96 second. Pressure recovery occurred immediately,

indicating proper pump compensator response. The pressure overshoot

on recovery peaked at 3340 psia at 87FS 1 + i. 18 seconds. A steady-

state pressure of 3079 psia was reached at 87FS 1 + I. 8 seconds. There

were no significant pressure perturbations at liftoff or during flight.
Pressure decayed normally during flight to 2900 psia at staging.

The static reservoir level was 61.7% full prior to T-II0 seconds,
decreasing to 38.9% full at T-0. The level increased during flight to
52.3% full at staging. This level increase of 13.4% is consistent with
the observed fluid temperature rise from 90 ° F at T-0 to 161 ° F at
staging.

The steady-state reservoir levels and the level changes during sys-
tem pressurization were normal.

Primary and secondary system pressures and switch closure periods
are shown in Fig. V-I. A comparison of primary system pressure his-
tory from GT-I, GT-2 and GT-3 launches during engine start and hold-
down is presented irL Fig. V-2.
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2. Secondary Subsystem

The secondary subsystem was pressurized by the electric motor
pump from T-180 to T-110 seconds. The indicated accumulator pre-
charge was 1850 psia. Motor-pump pressure was a normal 3160 psia
at T-110 seconds.

The static reservoir level was a normal 55.2% full prior to pres-
surization at T-3 minutes, and had _ecreased to 29.5%full at T-110 sec-
onds. These levels and the level changes during pressurization and

depressurization of the system were normal.

At T-0 the system was unpressurized or "soft. " Pressure began to
develop immediately as the start cartridge rotated the engine turbine.
Pressure overshoot reached a maximum of 3180 psia, indicating very

good pump compensator response. A steady-state pressure of 2980

psia was reached at 87FS 1 + 1.31 seconds. During the pressure shut-

down monitor period from T + 2 seconds to shutdown lockout, the pres-
sure remained at a steady 2980 psia.

There were no pressure perturbations during flight as the system
remained in a stand-by condition. Pressure decayed normally during

flight to 2800 psia at staging.

The reservoir level stabilized at 34.2% full after engine start, in-

creasing during flight to 44.2% full at staging. This level increase of
10% was consistent with the observed fluid temperature rise from 87 ° F

at T + 10 seconds to 159 ° F at staging.

The pressure values quoted were obtained from Sanborn playbacks
and digital printouts of telemetered data. It has been determined that
the secondary pressure data quoted are low by approximately 100 psi.
The error was due to a change in the transducer output subsequent to
calibration by the vendor. Such changes are attributed to aging of the
transducer. The amount of error was determined by comparing vendor

acceptance data on the Stage I pumps with telemetered data. The elec-
tric motor-pump pressure at a flow of 1 gpm was 3250 psig when tested
by the vendor. This agrees with the value of 3265 psia read from San-
born records of primary subsystem operation prior to engine start.
The primary pressure indication after engine start was 3079 psia which
also agrees with the vendor data on the engine pump of 3080 psia at 1
gpm. The secondary system pressure indications were 3160 psia from
the electric motor pump and 2972 psia from the engine-driven pump.
The vendor secondary system test readings were 3265 psia for the elec-
tric motor pump (105 psi higher) and 3080 psia (108 psi higher} for the

engine - driven pump.
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In Figs. V-I and V-3, a correction of +I00 psi has been applied to the
values of GT-3 secondary pressure during the holddownperiod to depict
the true pressure margin over the operating range of the pressure switch
used for the shutdownmonitor. This margin was 230to 240psi, which
is more than adequateto cover normal pressure perturbations in the sys-
tem. A comparison of secondary system pressure from GT-I, GT-2
and GT-3 launches during engine start and holddown is presented in Fig.
V-3.

B. STAGEII

Prelaunch checkout of StageII hydraulics was initiated at T-4 min-
utes andwas followed by normal system operation. The indicated ac-
cumulator precharge was 1850psia. Electric motor-pump pressure
stabilized at a normal 3155 psia. The static reservoir level was 60.6%
full, decreasing to 36.7% full after pressure application, and again in-
creasing to 60.3%full uponremoval of pressure at T-3 minutes.

During engine startup at staging, the indicated precharge was 1875
psia andthe pressure overshoot was to 3655 psia. Steady-state pres-
sure after engine start was 2980psia, decreasing to 2890psia, at SECO.
No significant pressure perturbations occurred during flight. After
SECO, the pressure recovered temporarily andfluctuated with the tur-
bine speed, a normal reaction to the low andvariable turbine speeds
occurring during this period.

The reservoir level was a normal 60.3%full prior to staging. After
staging, the level stabilized at 38.2%full, gradually increasing to 40.0%
full at SECO. This level increase of I. 8%is normal and consistent with
the fluid temperature rise from 69.5° F at staging to 105° F at SECO.
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VI. GUIDANCE SYSTEMS

A. RADIO GUIDANCE SYSTEM PERFORMANCE

i. Rate Beacon

The rate beacon performed satisfactorily on the GT-3 flight. Good
lock was maintained up to engine ignition, and from approximately LO +
46 to SECO + 50 seconds. Momentary loss of lock at engine ignition is
considered normal. Relock occurs as the primary antenna is brought
into favorable ground station view.

Values of the rate beacon telemetered functions are presented in
Table VI- 1.

TABLE VI- 1

Rate and Pulse Beacon Parameters

Function

Rate Beacon

Received signal No.

Phase detector

Power out

Power supply

Pulse Beacon

Magnetron current

AGC

Power supply

Measurement

1 0750

0751

0752

0746

0753

0754

0747

Maximum
Value

3,78

3.00

4.15

2.90

2.80

-10 dbm

4.19

Minimum
Value

3.75

2.45

4.08

2.80

2.75

-53.3 dbm

4.10

The values in Table VI-I are applicable from prior to liftoffthrough

approximately SECO + 50 seconds. Rate beacon values do not include

the momentary unlock at engine ignition, nor values until good lock
was acquired at LO + 46 seconds. Pulse beacon values do not include

oscillations during antenna crossover period. All values are in telem-

etry volts except pulse beacon AGC.
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2. Pulse Beacon

The pulse beacon performed satisfactorily throughout GT-3 flight.
Good lock was maintained through engine ignition and up to approximately

SECO + 50 seconds.

Normal oscillations during the antenna crossover period were observed

in AGC from approximately LO + 41 seconds to LO + 75 seconds. During

this period, the minimum signal level received by the beacon was -54.7
dbm.

The ground station signal level increase occurred at LO + 85.2 seconds.
The increase was observed to be approximately 15 db.

Values of pulse beacon telemetered functions are listed in Table VI-i.

3. Decoder

Proper performance was observed throughout flight. Telemetry
data indicate that pitch and yaw steering signals, and the SECO discrete
signal were properly executed. No noticeable decoder null drift in pitch
or yaw was observed. The decoder power supply maximum and minimum
readings (in telemetry volts) were 4.49 and 4.29 volts, respectively, and
are applicable from prior to liftoff to approximately SECO + 50 seconds.

4. Guidance Commands

a. Pitch steering

A profile of closed-loop pitch steering in terms of computer com-
mands, decoder pitch telemetry, TARS gyro torquer monitor, and pri-

mary Stage II rate gyro is given in Fig. VI-1.

RGS enable. TARS discrete No. 3 (RGS enable) was issued at LO +

162.30 seconds, thereby energizing the airborne guidance initiate relay.
Simultaneously, TARS pitch program No. 3 was terminated. This effect
can be observed on plots (c) and (d) of Fig. VI-1.

Guidance initiate. At computer guidance initiate (LO + 168. 18 seconds

for GT-3 flight), a radar validity check was performed to differentiate
between bad radar data and actual vehicle dispersions in velocity and

altitude. During this check, a preprogrammed pitch-down command was
issued. For this flight, the command was 0.2 deg/sec. The duration of
the command is a function of magnitude of the altitude and velocity dis-

persions; however, it is issued for at least 1 computer cycle (0.5 second)
and not for more than 8 cycles (4.0 seconds). For this flight, the dura-
tion was 0.5 second.
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Following the 0.2 deg/sec pitch-down command, a 2.0 deg/sec
pitch-down commandwas issued for 12seconds. A nominal Gemini
trajectory requires a 2.0 deg/sec pitch-down commandbecausethe
StageI trajectory is purposely lofted to ensure favorable primary an-
tennalook angles in the pitch plane. (The duration of this commandis
a function of BECO dispersions, primarily in velocity and altitude. )

Throughout the remainder of flight, the computer commandswere
small, with slow variations from about 0. 1 deg/sec pitch-up to about
0.1 deg/sec pitch-down. Guidancewas terminated at SECO- 2.8
seconds.

The decoderoutput, torquer monitor and rate gyro reactions were
proper for the computer commands, and are shownin Fig. VI-1.

b. Yaw steering

A profile of closed-loop yaw steering in terms of decoder yaw
telemetry is given in Fig. VI-2. The yaw torquer monitor and rate
gyro are not shown since the small yaw commandsissued resulted in
signal variations smaller than the respective resolution of the telem-
etry of these measurements.

Computer yaw commands were initiated at LO + 169.68 seconds,
or 1. 5 secondsafter the initial pitch-down command of 0.2 deg/sec.
The decoderyaw outputs were small, ranging from approximately
0.01 deg/sec yaw-right to 0.02 deg/sec yaw-left for the first 30%of
closed-loop guidance, andbetween zero and 0. 025 deg/sec yaw-right
for the remaining 70%(approximately). Yaw guidancewas terminated
at SECO- 2.8 seconds.

c. Discrete commands

The time for the computer-generated ASCO/SECO command and
vehicle reactions is presented in the following tabulation.

Signal

Ground station
ASCO/SECO

Decoder discrete

output

91FS 2

ASCO

Measurement

0777

0519

0799

GMT Time of Signal

1429:33.764 ± 16 ms

1429:33.791 ± 5ms

1429:33.811 ± 5ms

1429:33.853 ± 25ms

Time

from Liftoff

(sec)

333. 700 + 16 ms

333. 727 + 5 ms

333. 747 + 5 ms

333. 789 + 25 ms

*Time obtained from Burroughs Corporation report.
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Fig. VI-2. Stage II IGS Yaw/Roll Guidance Flight History
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Thesedata indicate that the SECOtime delay from ground station
issuance to 91FS2 was 47 + 21 milliseconds. The time delay between

91FS 2 and ASCO reception was 42 +_30 milliseconds. The time delay

between 91FS 2 and ASCO reception was 42 +_30 milliseconds.

5. Vibration Environment

Two vibration transducers located in Compartment 2 near the pulse
beacon on the rigid intermediate mount were used to measure lateral
and vertical vibrations (Meas 1697 and 1698, respectively). The max-
imum vibration levels observed during the ignition and liftoff period

were 1.45 grms for Meas 1697, and 3.0 grms for Meas 1698. The
maximum lateral vibration level during Stage I flight was 1.25 grms,
and occurred at LO + 53 seconds. The maximum Stage I vertical vibra-

tion level was 3.25 grms, and occurred at LO + 58 seconds.

A detailed analysis, including a power spectra, is given in Chapter
XII. These measurements were telemetered during Stage I flight only.

6. Conclusions

The rate and pulse beacons operated properly throughout flight.

Pitch and yaw commands were received by the decoder and properly
transmitted to the flight control system. The SECO signal was properly
transmitted by the decoder. Lateral vibrations during Stage I flight
were well within the maximum allowable for Compartment 2 (14.3 g

rms).

B. SPACECRAFT INERTIAL GUIDANCE SYSTEM
ASCENT PERFORMANCE

1. Prelaunch Nulls

The prelaunch IGS attitude error nulls were as follows:

Pitch (deg) + 0. 056

Yaw (deg) - 0. 135

Roll (deg) + 0. 028

These nulls were well within the specification values of ± 0.37

degree in pitch and yaw and + 0.25 degree in roll.

2. Stage I

IGS performance during Stage I flight was generally good, as deter-

mined by a comparison of IGS attitude errors and the corresponding
primary system attitude errors.
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The Stage I IGS pitch, yaw and roll attitude errors are shown in
Figs. IV-2, IV-3 and IV-4, respectively. The BECO dispersions be-
tween TARS and IGS are shown in Table IV-3, and are discussed in

Chapter IV.

The IGS Stage I gain change discrete was issued at LO + 105.213
+ 0.025 seconds, which is well within the specification time of LO +
104.96 + 1% seconds.

3. Stage II

IGS yaw and roll performance during Stage II flight appeared normal.
Pitch also appeared normal until sometime after start of closed-loop
guidance. The attitude error dispersions which had built up between
IGS and TARS pitch, yaw and roll during Stage I flight were carried
over into the early portion of Stage II flight as shown in Figs. VI-2
and VI-3.

a. Pitch

The ramp buildup of IGS pitch attitude error between approximately
LO + 162. 5 and LO + 168 seconds is due to the fact that primary sys-

tem pitch rate No. 3 ended at LO + 162. 5 seconds, while the IGS third
pitch rate remained until the start of closed-loop guidance.

IGS closed-loop pitch guidance commenced at LO + 168 seconds as

expected. IGS pitch attitude error saturated at +6 degrees shortly after
LO + 168 seconds, and remained on saturation for approximately 12
seconds. Figure VI-3 shows that the TARS pitch attitude error built
up during this time period to approximately +0.85 degree due to the
RGS pitch rate command. The reason for the large difference in IGS
and TARS attitude errors is due to the fact that, in the primary system,
the steering command is limited to a rate of +2.0 deg/sec, while the
IGS limits attitude error only to a nominal 6 degree value. Therefore,
IGS pitch behavior during this period appeared normal and compared
well with primary system behavior in correcting the vehicle for the
high Stage I trajectory.

For the remainder of Stage II flight, the IGS pitch behavior does
not correlate with the primary system as depicted in Fig. VI-3. The
attitude error built up to the 6 degree limit at LO + 293 seconds, and
remained on limit for the remainder of Stage II flight. The expected

normal pitch IGS behavior would be to operate near zero attitude error
during this period of Stage II flight, assuming normal RGS performance.

An inspection of the IGS unlimited pitch attitude error data, obtained
from the spacecraft telemetry system, shows that the attitude error
signal would have peaked at approximately 9.4 degrees at LO + 300
seconds (approximate}. The attitude error signal decreased to about
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6.3 degrees at LO+ 322 seconds, then increased to approximately 12.7
degrees at LO + 331 seconds. Inspection of the IGSpitch gimbal angle
data, obtained from spacecraft telemetry, indicated that the GLV did
not experience such motions. This is confirmed by the TARS output
(Fig. VI-3).

Since primary closed-loop guidance operation was normal (as evi-

denced by the fact that insertion conditions were well within specifica-
tion), it appears that the IGS was in error in pitch. Had a switchover

to IGS occurred prior to SECO, where IGS was indicating a 6 degree
positive limited attitude error, the IGS would have inserted the GLV
at a more negative flight path angle.

b. Yaw

IGS yaw performance during Stage II flight appeared normal. The

IGS yaw attitude error buildup between approximately LO + 168. 5 and

LO + 180 seconds is due to GLV pitch-down rate (commanded by RGS)

coupling into the IGS yaw girnbal. The RGS pitch rate is shown in Fig.

VI-3. This type of coupling exists because the IGS roll gimbal is ap-

proximately 2.5 degrees off-nominal, as evidenced by the -2. 5 degree
IGS roll attitude error which exists during this time period (Fig. VI-2).

The reduction in IGS yaw attitude error between approximately LO +

180 and LO + 205 is due to the GLV response to the RGS rate command,

as shown in Fig. VI-2. IGS performance for the remainder of the flight

correlates with the primary system.

c. Stage II roll

Relative drift between TARS and IGS roll attitude error was in evi-

dence during Stage IIflight (Fig. VI-2) and was in the same direction

(CCW, TARS with respect to IGS) as the relative drift observed during

Stage I flight. The average relative drift rate during Stage II was ap-

proximately -36 deg/hr. The relative drift rate increased during Stage
IIflight, as would be expected due to a g sensitive drift. TARS 3o roll
drift rates for GT-3 are documented in Ref. 8 which shows that TARS

Stage II roll drift alone could exceed the -36 deg/hr average seen on

GT-3 flight, even allowing no drift for the IGS.

d. IGS SECO

The IGS SECO discrete was issued at LO + 333. 628 :k 0. 008* seconds.
This compares to the RGS SECO time of 333. 727 __ 0. 005 seconds. Had
a switchover to IGS occurred just prior to SECO, the IGS would have in-
serted the vehicle approximately 23 + 3 fps slower than it was inserted
by the primary guidance system.

*IGS SECO time obtained from NASA source
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4. Conclusions

IGS yaw and roll performance for the entire GLV flight appeared
normal. IGS pitch performance appeared normal for the open-loop

portion of flight; however, IGS closed-loop pitch performance was

questionable in that the pitch attitude error signal to the GLV autopilot

drifted to the 6-degree limit at approximately LO + 293 seconds, and
remained on saturation for the remainder of Stage II flight. Also, the
IGS SECO discrete was issued earlier than RGS SECO.

Had a switchover to IGS occurred, the vehicle would have been in-
serted with less velocity and at a more negative flight path angle than
was attained by the RGS.

The data reviewed, including IGS gimbal angle and unlimited attitude
error data, indicated that it would have been safe to switchover to the
IGS from the standpoint of safety-of-flight.
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VII. ELECTRICAL SYSTEM

A. CONFIGURATION

The GLV-3 airborne electrical system components installed for the
GT-3 mission were similar to those employed for GT-2 except for the
addition of the shutdown squib relay assembly.

B. COUNTDOWN AND FLIGHT PERFORMANCE

The airborne electrical system functioned as designed throughout the
seven-hour prelaunch countdown and during flight, and all parameters
were within specification. Power transfer to airborne batteries was

comparatively smooth, and liftoff occurred without incident.

During the staging event, examination of the APS and IPS current
traces indicated no ordnance squib shorts to structure. Data from the

GT-2 flight indicated that the Stage II engine start squib on the APS bus
and one separation nut on the IPS bus had shorted to structure at staging.

At spacecraft separation, the launch vehicle/spacecraft electrical
interface was cut by a guillotine in the adapter. This caused a momentary
rise in APS and IPS bus currents, indicating transient shorting of the
normal GLV interface signals to the adapter structure. The APS bus
current rose approximately 11 amperes and the IPS current rose 9 am-
peres for less than 150 milliseconds. This transient effect is an ex-
pected phenomenon, since several active signals are normally main-
tained across the launch vehicle/spacecraft interface up to separation.

The shutdown squib relay assembly (used in the Stage II redundant
shutdown system) functioned as designed. A summary of the electrical
system parameters prior to liftoff and during significant flight phases
appears in T able VII- 1.
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VIII. INSTRUMENTATION SYSTEM

A. AIRBORNE INSTRUMENTATION

i, Prelaunch and Countdown Status

Between simulated flight test on 18 March 1965 and launch day, the
PCM/FM transmitter was replaced because of a loose pressurization

valve. During countdown, the system operated within specified limits.

2. Data Acquisition

The entire airborne telemetry and instrumentation system operated
in a satisfactory manner throughout countdown and flight. The measure-
ment program for this launch consisted of 184 PCM analog signals, 46
PCM bilevel signals, and 12 FM/FM analog signals. All channels func-
tioned throughout flight resulting in 100% data acquisition.

3. Instrumentation System Parameters

Instrumentation system parameters, as measured in-flight, are
compared with required values for significant events in Table VIII-1.

4. Anomalies

Measurement 0517 (bootstrap fuel venturi inlet pressure--S/A 3)
exhibited 41 dropouts lasting up to 1/2 second during second-stage
powered flight. Each dropout had similar characteristics, i.e., a
rapid drop in level and an overshoot before the signal returned to nor-
mal running level. This behavior appears to be indicative of a trans-
ducer malfunction. The balance of the data from this measurement,
when compared with GT-2 flight data, is considered valid.

Measurement 0029 (bootstrap fuel venturi inlet pressure--S/A 2)
dropped below its nominal operating level at LO + 92.55 seconds, re-
turning to a normal value at LO + 93.6 seconds, and functioned satis-
factorily thereafter. The signal decay was too rapid to be the filter
capacitor discharge through the encoder, thus indicating that the trans-
ducer was still connected to the encoder channel. The momentary
signal drop probably occurred within the transducer; however, all
other data from this measurement were valid.

5. Telemetry Signal Strength (237.0 and 244.3 mc)

Telemetry signal strength records indicated satisfactory signal
levels from the launch vehicle from liftoff to approximately SECO + 83
seconds. The anticipated staging blackout occurred and lasted approxi-
mately 250 milliseconds.
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Cape KennedyTel II and Tel Ill ground stations monitored the entire
flight of the launch vehicle. The Grand Bahama Island station acquired
data from approximately LO + 45 seconds to the end of flight. The
Grand Turk station acquired data during Stage II flight beginning at ap-
proximately LO + 173 seconds.

Review of playbacks made from the data recorded on magnetic tape
at Tel II indicates that a dropout of less than one second occurred at ap-
proximately LO + 69.2 seconds. This dropout did not appear on rec-

ords made from the Tel III or Hangar T ground stations' magnetic tapes.

B. LANDLINE INSTRUMENTATION

1. Countdown Status

The entire landline instrumentation system functioned satisfactorily
prior to and up to liftoff. All airborne instrumentation hold functions

monitored in the blockhouse remained within specification limits through-
out the countdown.

2. Data Acquisition

Data acquisition was 100% on 51 channels programmed as follows:

14 propellant temperatures on Bristol multipoint recorder No. 2.

3 start cartridge temperatures on Bristol multipoint recorder
No. i.

2 air-conditioning system temperature on Bristol strip chart
recorders.

1 air-conditioning system pressure measurement on Bristol
strip chart recorder.

4 launch vehicle tank pressures on Bristol strip chart recorders

8 event signals on a 78-channel Brush events recorder.

9 a-c and d-c electric power source measurements on oscillo-
graph recorder.

6 BLH base reaction i^_ ........... ÷¢ _,_ _gnpt_e t_pe via
voltage-controlled oscillators.

1 BLH total vehicle weight measurement on a digital printout.
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2 hydraulic pressure switch signals on magnetic tape via voltage-
controlled oscillators.

1 d-c electric power source measurement on a Sanborn analog
recorder.

In addition, landline measurements were observed or recorded on

the following backup channels:

16 voltage-controlled oscillator channels for recording on magnetic

tape.

14 digital voltmeter channels.

1 vehicle total weight visual digital display.
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IX. RANGE SAFETY AND ORDNANCE SYSTEMS

A. COMMAND CONTROL RECEIVERS

1. Countdown

The command receivers ASCO checkout between T-280 and T-270
minutes, the shutdown and destruct checkout at T-235 minutes, and

the final ASCO check at T-15 minutes were performed satisfactorily.
The command receiver telemetry data indicated a signal level greater
than 100 microvolts from T-5 minutes through liftoff.

2. Flight Results

Advanced Communications Incorporated (ACI) command control re-
ceivers (S/N 31 and 32) were installed in GLV-3. Telemetered com-

mand control receiver parameters monitored during powered flight
showed that receiver operation was satisfactory. Receiver RF input
signal ranged from a maximum level of approximately 5000 microvolts
(experienced when the Cape transmitter went to high power) to a mini-

mum of approximately 20 microvolts at the end of Stage II flight. The
receivers successfully responded to the Mod III ASCO signal at

IX) + 333. 789 + 0. 025 seconds which was within the expected time inter-
val. When the ASCO signal was transmitted to the receiver by the com-
mand transmitter at Grand Bahama Island, the RF signal level was
approximately 20 microvolts.

A ground station problem with the Cape transmitter occurred
shortly after the switch from low to high power. The DRUL system
sampling of DCS data quality indicated an improper level, and the

transmitters were automatically switched from primary to standby.
It was determined that the problem was not with the transmitter and
a manual switchback from secondary to primary was performed. The
transmitter switching appears on the receiver relative signal strength
trace as a loss of signal. The approximate times for the switching
events were as follows:

(i) Start DRUL transmitter switch (primary to secondary) at
LO + 76. 738 seconds; end at LO + 77. 138 seconds.

(2) Start manual switchback (secondary to primary) at LO + 87. 338
seconds; end at LO + o_ Aoo sec_,n_¢0 I . "zuu _ ....

It has been reported that the problem with the ground station was im-
proper operation of the NASA QUAD steerable antenna when the trans-
mitting system was switched from low to high power. The problem
will be corrected by the responsible agency.
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B. IVIISTRAMSYSTEM

I. Countdown

The MISTRAM open loop checks with the MACK station from T-390
to T-330 minutes and from T-30 to T-10 minutes were performed with-
out incident. A review of MISTRAM telemetry showed that the trans-
ponder was locked on to the MACK station signals from T-5 minutes
until LO - 0. 513 ± 0. 025 seconds. The MACK station transmit signal

is manually turned off at liftoff so that it will not interfere with the down-
range tracking stations.

2. Flight Results

a. Airborne transponder

The GE transponder (S/N 95) was installed in GLV-3. Analysis of
the MISTRAM telemetry records for Stages I and II boost flight indicates
that the overall performance of the airborne MISTRAM system was
very good. The MISTRAM I station started to sweep the calibrate CW
signal at about LO + 30 seconds, and from this period until SECO there
were no unlocks of either the range or calibrate channel. This is an
unusual occurrence since the ionization caused by the Stage II engine
plume will usually attenuate the incoming signal to a point below the
threshold of the transponder. The transponder telemetry shows that
the calibrate channel acquired the Valkaria signal at LO + I. 5 seconds
and the range channel was acquired at LO + 4.6 seconds.

3. Ground Stations Operation

a. Valkaria station (MISTRAM I)

Valkaria station started active tracking at approximately LO + 41
seconds and continued until LO + 153. 5 seconds. Valkaria picked up

active track again at LO + 164 seconds and continued until LO + 384
seconds. The handover from MISTRAM I (Valkaria) to MISTRAM II

(Eleuthera) took place at LO + 389 seconds. MISTRAM I was used as
a data source for the range safety impact predictor for 69% of the time
during launch vehicle powered flight. The source data for primary
and secondary range safety plot boards are included in Table IX-i.

b. Eleuthera station (MISTRAM II)

The Eleuthera station performed in active track mode from LO +
389.4 seconds until LO + 401.4 seconds and continued intermittently in
active track until LO + 435.8 seconds. MISTRAM II was not used as

source data for the range safety plot boards on this launch.
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TABLE IX- 1

Range Safety Plot Board Data Source

Primary Plot Secondary Plot

Total Time Total Time
Source Used Source Used

Data Source (sec} Data Source (sec}

290.9 GE Mod Ill 330.6MISTRAM I

Merritt Island
TPQI8 radar

Patrick AFB

TPQI8 radar

Grand Bahama Island
TPQI8 radar

Grand Bahama Island
FPSI6 radar

Grand Turk Island

TPQI8 radar

38.2

67.6

16.7

23.4

113.7

Merritt Island

TPQI8 radar

Patrick AFB

TPQI8 radar

Grand Bahama Island
TPQ18 radar

Grand Bahama Island
FPSI6 radar

Grand Turk Island
TPQ18 radar

106.3

18.4

71.6

22.7

Total 549.6 Total 549.6

C. ORDNANCE SYSTEM

All ordnance systems associated with the dropweight and engine
prevalves operated as required during the GLV-3 countdown and launch
operations.

The eight launch nuts actuated as required at launch. This fact
was established when all four lower nuts and interconnecting studs
were found on the pad after the launch.

The airborne staging system operated as required during the staging
sequence. The TARS issued a staging arm signal at LO + 144. 431
seconds, and the staging arm timer issued a staging arm signal at
LO + 145. 133 seconds. Both times wei_e within specification limits
and consistent with the trend data from previous GLV-3 tests.
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X. MALFUNCTION DETECTION SYSTEM

A. CONFIGURATION

The malfunction detection system (MDS) and associated hardware

performed satisfactorily during the GT-3 countdown and flight. Signi-
ficant MRS components appear in Table XVII-1.

Table X-1 presents the MRS hardware change-out history for GLV-3.

B. SYSTEM PERFORMANCE

1. Engine Pressure Switches

Operation of the Stage I engine malfunction detection thrust chamber
pressure switches (MDTCPS) and the Stage II engine malfunction de-
tection fuel injector pressure switches (MDFJPS) is summarized in
Table X-2. These switches are required to "make" in a pressure
range of 540 to 600 psia and "break" in a pressure range of 585 to 515
psia. The Stage I engine start transient was of sufficient amplitude
and time duration to cause the S/A 1 MDTCPS switches to momentarily
respond to the thrust chamber pressure. All MDS engine pressure
switches operated properly and within the specification requirements.

TABLE X- 2

MDS Engine Pressure Switch Operation

S/A 1 S/A 2 S/A 3
Operation (Meas 0356) (Meas 0357) (Meas 0855)

Make 1423:57.609 GMT 1423:57.700 GMT 1426:33. 148 GMT*
at 590 psia at 585 psia

Break 1426:32.441 GMT 1426:32. 442 GMT 1429:33. 952 GMT*
at 525 psia at 523 psia

* S]A 3 fuel injector pressure was not instrumented on GLV-3; hence,
make and break pressures were not available.

2. Switchover

The MDS switchover circuitry responded properly throughout the
flight. There were no switchover commands and no switchover was

executed, indicating proper performance of the switchover circuitry.
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3. Vehicle Rate Detection

The spin motor rotation detectors (SMRDs) contained in the malfunc-

tion detection package (MDP) functioned properly. The SMRDs monitor

rate switch package (RSP) gyro speed and, thereby, rate sensing capa-
bility.

The RSP operated properly throughout the countdown and flight. There

were no vehicle overrates detected by the MDS (rate switch operations)
and none occurred during flight from liftoffthrough SECO + 20 seconds.

Table X-3 compares the maximum launch vehicle rates (measured during
the period from liftoffthrough SECO + 20 seconds) with the RSP switch

settings.

TABLE X-3

Maximum Vehicle Rates Versus Rate Switch Settings

Rate switch

settings

(deg/sec)

Maximum

vehicle
rate s

(deg/sec)

Stage I Flight
Flight E vent

Pitch +2.5; -3.0 N/A

Yaw

R oll

Pitch

Yaw

+2.5

+20.0

-0. 97

-0.87

N/A

N/A

Pitch pro-
gram

Wind dis-
turbance

Stage II Flight

Flight Event

+ i0 N/A

+i0

+20

-i. 90

+i. 44

N/A

N/A

Guidance
command

Staging

Roll +I. 53 Liftoff -2.08 Staging

Following spacecraft separation (SECO + 25.6 seconds), there were
two operations of the yaw rate switches. The yaw rate gyro outputs
verified that the rate switch performance was in agreement with the
RSP calibration data. Table X-4 summarizes the yaw rate switch
operation.
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Specification

Operation
Limits

(deg/sec)

Closed
2.08- 2.92

Open
2.57 - 1.80

TABLE X-4

Yaw Rate Switch Operation

RSP Calibration Data

Primary
(deg/sec)

2.40

2.31

Redundant
(deg/sec}

2.57

2.28

Time of

Rate Switch
ODe ration

SECO
+ 35. 534

sec

SECO

+ 38. 584
see

Rate Gyro Output

Primary
(deg/sec)

2.57

2.28

Redundant

(deg/sec}

2.43

2.23

4. Tank Pressure Sensors

All MDS tank pressure transducers operated properly throughout the
countdown and flight. The maximum differences between the transducer
pairs on each tank are presented in Table X-5.

Figure X-I presents the calibration curves for the Stage I fuel tank
pressure transducer pairs CA and B) to clarify the percentage variations
between voltage and psi as shown in Table X-5. The maximum differ-
ence of I. 40% of transducer full-range output voltage is well within the

transducer and telemetry system errors.

TABLE X- 5

Maximum Voltage and Pressure Differences Between
Tank Pressure Transducer Pairs

Maximum Difference

Stage I fuel

Stage I oxidizer

Stage II fuel

Stage II oxidizer

AVolts

(telemetry}

0. 040
0. 060
0. 060
0. 070

Percent of
T r ansduce r

Full Range

0.80

1.20
1.20
1.40

APSI

0.43

0.50
0.67
1.07

Percent of
T r ansduce r

Full Range

0.86
1.00
0.89
1.43
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XI, CREW SAFETY

GT-3 was the first manned flight in the Gemini Program and, as
such, constituted the first "operational" test of the crew safety pro-
gram, however, the crew safety program had been exercised on the
unmanned GT-1 and GT-2 missions. On GT-3 the operations were
performed satisfactorily and without incident.

A. PRELAUNCH SIMULATIONS

Preflight wind measurements from Cape Kennedy were data-card
transmitted to Martin-Baltimore and used as inputs to three computer
programs. One digital program evaluated the wind conditions by com-
paring actual measurements against specification wind speeds and wind
shears. A second digital program was used to compute the wind-af-
fected trajectory. A third analog program determined the vehicle bend-
ing loads and the control system transients for the wind-affected tra-
jectory. Subroutines were then used to establish the first-stage propel-
lant tank underpressure constraints and the slow malfunction action
thresholds for flight control system (FCS) switchover. The results were
sent periodically by phototelegraphy to Martin-Canaveral prior to launch.

All portions of the program worked smoothly. Balloon soundings,
data-card transmissions, IBM 1620 wind computations, IBM 7094 tra-
jectory computations, analog flight load simulations, the communica-
tions network, the phototelegraphy of documents to Cape Kennedy, and
the delivery of these documents to Complex 19 and to the Mission Con-
trol Center (MCC) were accomplished on schedule. A brief summary
of all computer runs is presented in Table XI-I.

i. Trajectory Simulation

Of the six wind profiles (Figs. X!-I, XI-2 and XI-3), the soundings
released by the Air Force at T-12, T-5, T-3, and T-I hour (Figs.
XI-2 and XI-3) were programmed into the IBM 7094 Gemini trajectory
program. Results of the first three trajectory simulations were de-
livered to the MCC for use in plotboard revisions of the nominal tra-
jectory as affected by winds. The results of the T-I hour run were
sent to Cape Kennedy after the launch.

The T-3 hour simulation indicated a peak lateral velocity of +82 fps
at LO+ 83 seconds, and a peak}'of o_ _,_g .... _t I,O+ 75 seconds
The wind effect was to depress the nominal trajectory.
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TABLE XI-I

Summary of Prelaunch Wind Monitoring Operations

Run Schedule

First

Second

Third

Fourth

Fifth

Sixth

Time of Data
Release to Martin-

Baltimore

F-2 day

F-I day

T-12 hr*

T- 5 hr *

T-3 hr*

T-I hr*

Type of Operation

Wind evaluation: sent to Martin-
Canaveral (M-C)

Wind evaluation; sent to M-C

Computed wind evaluation, load,

analog and trajectory simulations
and constraints; data sent to M-C;
winds were GO

Computed wind evaluation, load,
analog and trajectory simulations
and constraints, data sent to
M-C; winds were GO

Computed wind evaluation, load,
analog and trajectory simulations
and constraints; data sent to M-C;
winds were GO

Computed wind evaluation and up-

dated wind status by telephone to
M-C before liftoff; winds were

GO; load, analog and trajectory
simulations were then sent to

M-C for reference

*Based upon T-0 at 0900 hours EST.

2. Loads Simulation

The winds-aloft launch recommendations for the GT-3 flight were
based upon'the results obtained from analog computer load simulation
runs at Baltimore. Four simulations were run using winds data released
at T-12, T-5, T-3 and T-I hours. Computed ratios of equivalent axial
load to equivalent axial limit strength at launch vehicle Station 93 5 were
0.83, 0.81, 0.79 and 0.82, respectively. These loads were below limit
strength: thus, all recommendations were GO. The simulations showed
that peak loads would occur from 72 to 78 seconds after liftoff.
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Fig. XI-2. Winds-Aloft Observations
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3. Analog Transient Simulations

The engine gimbal outputs, the attitude errors, and the pitch and
yaw angles of attack from the wind load analog simulations were sent
to the Monitors in the MCC for use as a preview of vehicle and control

system responses to the winds aloft. These are long wavelength re-
sponses since the wind data are averaged in 1000-foot altitude layers;
also, the analog input is a smoothed function of the averaged values.

4. First-Stage Propellant Tank Underpressure Constraints

The Stage I tank underpressure constraints for GT-3 were selected
on the basis of minimum tank pressure required to maintain structural

integrity for the simulated flight loads. The constraints used (Table
XI-2} were lower than the constraints required to withstand design
winds which are more severe than those used for the GT-3 prelaunch

simulations. The selected constraints were transmitted in timely fash-
ion to the MCC.

TABLE XI-2

Stage I Tank Pressure Constraints

Oxidizer Tank

Time from

87 FS 1 (sec)

5O

61.8

75

8O

Pressure

(psia)

9.4

8.0

4.5

2.9

Time from

87FS 1 (sec)

Fuel Tank

50

61.8

75

86

90

Pressure

(psia)

9.4

7.0

3.8

2.0

1.5

NOTE: Pressures selected to withstand T-12, T-5, T-3 and T-1 hour

winds.

5. Slow Malfunction Switchover Action Threshold

The slow malfunction switchover action threshold was sent to Cape

Kennedy in the form of inertial velocity (EUVTIL) and inertial flight
path angle (GPTIL) (Table XI-3). The V-_ threshold was selected
from an original set of six functions using average wind velocity in-
crease with altitude and average wind direction, and interpolating to
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produce the operational threshold. This threshold (in the trajectory

pitch plane) was transmitted to the Martin Guidance Monitor at the
MCC.

6. Wind Comparison

The six prelaunch winds-aloft data are shown graphically in Figs.
XI-2 and XI-3. These plots were transmitted to Cape Kennedy for use

as a gage of existing wind conditions and as an indicator of the wind
trend. The winds-aloft forecasts for launch made on F-2 and F-I days

are shown in Fig. XI-I. A peak speed of 168 fps (115 mph) at a 39,000-

foot altitude was forecast from an azimuth of 270 degrees (18 degrees

left of tail). The launch day winds-aloft observations are shown in

Figs. XI-2 and XI-3. These plots show the wind profile varying from
a double spike to a single spike with a maximum speed of 172 fps (i17

mph) at a 41,000-foot altitude at launch. The peak wind was predicted

within 4 fps, 20 degrees in direction and 2000 feet in altitude.

Table XI-4 lists definitive parameters of the four GT-3 simulations

and the measured winds-aloft. The T-3 and T-I hour updating infor-

mation sent to the Monitors was comparable to the T- 12 and T- 5 hour

simulations that had been used to revise the plotboards in the MCC.
The launch wind (liftoff)parameters listed in Table XI-4 also compare

well with the prelaunch winds. This agreement is indicative that the

prelaunch winds were representative of the actual conditions which
existed at the time of launch.

Table XI-5 shows that the GT-3 wind situation was almost the same

magnitude as the GT-2 mission except that the GT-3 winds were essen-

tially a mirror image of the GT-2 tail winds. The GT-2 and GT-3
winds were more severe than the GT-I winds, and produced structural

loads slightly over 80% of limit strength.

-- - .. ,,,....,.__lJ , , _
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TABLE XI- 5

Comparison of Mission Simulations

Item GT- 1 GT-2 GT-3

Sounding data

Launch azimuth

(deg)

Date of launch

Peak wind speed
(fps)

Altitude of peak

speed (ft)

Wind azimuth of

peak speed (deg)

Wind off tail (deg)

Structural load (%)
Limit strength

T-2 hr

72

8 April 1964

i07

44,000

310

T-I hr

105

19 January 1965

195

39,000

243

T-I hr

72

23 March 1965

58 left

74

42 right

83

185

43,000

289

37 left

82

B. SLOW MALFUNCTION MONITORING

I. Countdown

Prelaunch trajectory simulations performed at Martin-Baltimore,
based onT-12, T-15 and T-3 hour upper air wind soundings at Cape
Kennedy, were used to predict and evaluate the effect on wind-sensi-

tive MCC plotboard and strip chart recorder parameters. Based on

the T-3 hour simulation, a peak flight path angle (_p) of 26.53 degrees

and a maximum lateral velocity of 82 fps were predicted. The plot-
board sheets that incorporated the prelaunch wind information were
completed and installed by T-I hour.

The countdown appeared nominal as monitored from the guidance
console displays. The 24-minute hold at T-35 minutes required no
Monitor action.

2, Stage I Flight

Both the primary and secondary guidance systems were in a GO
condition at T-0.
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A slight roll thrust misalignment was noted at liftoff, requiring
approximately 0.73 degree of roll CW error to compensate. The pri-
mary and secondary roll programs were within specified limits. The

IGS roll error signal displayed an apparent drift rate of approximately
33 deg/hr CCW. The roll drift rate is a combination of IGS roll gyro
drift and a roll displacement caused by the thrust misalignment coupled
with the unequal thrust developed by the two subassemblies. The build-
up in the negative lateral velocity that occurred between LO + 80 sec-
onds and BECO appears to be the result of the pitch program cross
coupling into the yaw axis through the roll misalignment.

Stage I yaw-roll performance was within acceptable mission limits.
RETRO was informed of the lateral velocity anomaly and its impact on
the Stage I ground track, no other Monitor action was required.

The velocity versus elapsed time from liftoff display on plotboard
IIIA was indicative of a higher-than-nominal thrust causing an increase
in the nominal BECO velocity of approximately 95 fps, however, this
was within the 3-sigma tolerance of ± 143 fps.

The primary and secondary pitch program initiation times were
within specified limits. The IGS pitch attitude error signal displayed
an increasing nose-down command starting with pitch program initia-
tion and continuing until BECO. This was apparently caused by a com-
bination of TARS pitch gyro drift-up, TARS cross coupling into the yaw
axis caused by roll misalignment, and the I. 2% low primary pitch pro-

gram. The pitch axis inertial velocity (fz) versus flight path angle (_p)

display on plotboard VA depicted a lofted trajectory with the flight path
angle increasing to approximately 2. 5 degrees above the predicted BECO
nominal. Stage I pitch performance was within acceptable mission limits
and no Monitor action was required.

3. Stage II Flight

RGS steering was initiated on time, and pitch steering commands were
as expected for the dispersed trajectory conuitions at BECO. IGS and
I%GS yaw steering commands were in agreement throughout the closed-
loop guidance portion of the flight.

The IGS roll attitude error displayed a CCW drift throughout second-
stage flight of approximately 40 deg/hr. The roll drift rate was well
within the specified tolerance and no Monitor action was _quired.

Both RGS and IGS pitch steering commands were saturated nose-
down (2 deg/sec) for 12 seconds, this was due to the high dispersed
initial conditions at guidance start. The P_GS pitch altitude component

(_ps) reflected the high dispersed altitude present at guidance start.
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At the completion of the initial (2 deg/sec) pitch-down steering command,

the IGS pitch attitude error started diverging in the command-nose-down
direction until the maximum signal of 6 degrees was attained at approxi-

mately LO + 293 seconds. The signal remained at 6 degrees nose-down
command for the remainder of the flight. The flight path angle versus

velocity (7 versus V) display and the RGS steering commands depicted

nominal primary system operation; hence, no Monitor action was re-

quired. On plotboard VA, the SECO (57 ) velocity display was 319 fps
below SECO + 20 VR.

Figures XI-4 and XI-5 are the pitch axis and the yaw-roll axis real-
time plotboard displays as recorded at the MCC Figures XI-6 and
XI-7 are the pitch axis and the yaw-roll axis strip chart recorder traces

as were displayed in real time at the MCC.

4. Recommendations

The ±0.25 degree scaling on the RGS COps signal appears too sensitive

for diagnostic use under non-nominal conditions. It would appear that

a scaling change to +0.5 degree full-scale would greatly benefit the real-
time evaluation of RGS performance in the pitch axis. COPS is also

utilized to predict the resulting flight path angle recovery maneuvers
required by the IGS for Stage II dispersed trajectory switchover cases.
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XII-I

XII. AIRFRAME SYSTEM

A. STRUCTURAL IX)ADS

Analysis of the GT-3 flight data indicates that the structural loads

imposed on the vehicle were within its structural capability. The most
critical loading condition occurred at BECO where the load aft of Sta-

tion 320 reached 97% of the design limit. This, however, was only 71%
of the tested strength. Flight data analysis also indicates that dynamic
response signals from the rate gyros can be used for lateral dynamic
load analyses. The details of the loads associated with specific periods
of interest are discussed in the following sections.

I. Preignition--Axial

The static axial load consists of the 1 g deadweight distribution only
(Fig. XII-I). Strong axial transients occurred due to the sudden dis-

placements of the propellants when the engine prevalves were opened.
Although these responses have been typical on all vehicles (Titan II and
GLV), the dynamic response amplitude of the structure in its fundamental

axial mode (4 cps) was 30% greater than that induced by the thrust start
transient. The high frequency vibration pickup located on the tandem
actuator (Meas 1191) responded much the same as it did during the
ignition period which was greater than it had been on previous vehicles.
Its duration of response was approximately 1 second.

2. Preignition--Lateral

The preignition lateral dynamic loads consisted primarily of the

first structural mode response to ground winds. The maximum response
occurred at LO - 170 seconds, and resulted in loads at Station 1224 as
follow s:

Pitch plane moment (in. -ib)

Yaw plane moment (in.-ib)

Resultant moment (in.-ib)

Predominant direction of motion (deg from N)

Wind speed (mph)

Wind direction (deg from N)

0. 540 x 106

0. 255 x 106

0. 540 x 106*

85 to 265

14

150

* At the time this maximum response occurred, the pitch and yaw
plane motions were 90 degrees out of phase.

a

awhenever possible_ flight loads should be compared with tested strength

in order to provide some concept of criticality. (Note by NASA GT-3

Mission Evaluation Team, August ii, 1965.)
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The frequency of the oscillation was 0.4 cps which corresponds to the
computed frequency of 0. 404 cps. (See Table XII-I for additional fre-

quency correlation.) The resulting envelope of dynamic bending mo-
ment along the vehicle is shown in Fig. XII-2.

Pitch plane strain gage data (Meas 0180) were also reviewed for
evidence of wind-induced oscillation loads. These indicated a load of

175,000 in. -lb (based on the unbuckled effective area of 33.44 in. 2)

at Station 937 which corresponds to 150,000 in. -lb (at that station}
using the BLH and vibration modal data (Fig. XII-3).

The winds caused a steady load at Station 1224 of 124, 000 in. -lb as

determined from ground wind load analyses using the Tower 702 wind
data (velocity, direction and profile). These steady ground wind loads
are also shown in Fig. XII-2.

3. Launch Prerelease--Axial

The prerelease axial dynamic loads were obtained using the time
history of the total thrust buildup (Fig. XII-4) and the response indicated
by the BLH axial load measurements (Fig. XII-5). The GT-3 weight
and thrust values were used to calculate the static portion of the total
loads. The resulting envelope of static plus dynamic axial loads is
shown in Fig. XII-6. The corresponding propellant tank bottom dome
loads for the prerelease condition are shown in Table XII-2. These

loads were lower than those induced on previous flights because the re-
sponse of the fundamental axial mode (4 cps) was less.

4. Launch Prerelease--Lateral

The prerelease lateral dynamic loads were due primarily to the re-
sponse of the first four structural modes to the combined action of the

ground winds and the engine start transients. These responses were

obtained from the BLH (Fig. XII-7) arid the thrust differential pressure
measurements as shown in Fig. XII-4. The resulting loads are pre-
sented in Fig. XII-8.

It should be noted that engine displacements due to wind-induced os-
cillations occurred prior to ignition, and that ignition appears to have
taken place at the peak displacement thereby causing higher loads than
would normally be encountered due to the induced engine displacement.
This was apparent in both pitch and yaw planes. The resulting loads,
although higher than on the previous vehicles, were not excessive.

5. Launch Post-Release--Axial

Axial responses at vehicle release for structural loads determination

were primarily obtained from the axially oriented accelerometers. How-

ever, the accelerometer responses were associated specifically with an
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TABLE XII-I

Frequency Correlation (preflight conditions)

Condition

Prerelease

Post- Release

Calculated Frequency (cps)

Lateral

Slosh

0. 582 Stage I fuel

0. 585 Stage I oxidizer
0. 677 Stage II oxidizer
0. 801 Stage II fuel

Structural

0. 404
1.78
4.39
7.53
9.88

12.90

17.91 engine

Slosh

0. 627 Stage I fuel
0. 651 Stage I oxidizer
0. 723 Stage II oxidizer
0. 862 Stage II fuel

Structural

2.4

6.75
9.45

12.32
15.79

17.46 engine

Axial

4.2
8.1

17.9

11 e_

7.78

GT-3 Measured

Frequency (cps)

Pitch Yaw Axial

0.67

0.40 0.40
1.78 1.75
4.8 4.8
7.7

4.0
8.8

18.3

18.5
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18.5-cps oscillation which is not related to a primary structural mode.
The strain gageresponses were associatedonly with the fundamental
lateral modes. Therefore, axial post-release dynamic loads of signifi-
cant amplitudes were, in all probability, very low or nonexistent ex-
cept those related to the undefined 18.5-cps mode.

The post-release steady axial loadwas calculated by simply applying
the i. 27 liftoff factor to the deadweightrelease load.

6. Launch Post-Release--Lateral

The post-release lateral loads were entirely dynamic with the pri-
mary response being in the first structural mode. This was noted
on the accelerometers, rate gyros and strain gages. The Mode I pitch
plane loads as determined from each of these measurements are com-

pared in Fig. XII-9o with reasonably good agreement indicated. The
total dynamic loads (based on rate gyro signals) are presented in Fig.
XII-10. Although the loads due to the second mode are not shown, it
cannot be presumed that they did not exist since the Compartment 1
accelerometers were located near the node and the Stage II rate gyros
were located near the anti-node of the second mode. Spacecraft ac-
celerometers have been the primary measurements used for lateral
dynamic response analysis on GT-1 and GT-2. No such instrumenta-
tion was available on GT-3.

7. Stage I Flight--Axial

Low amplitude axial oscillations occurred intermittently throughout
Stage I flight and increased with flight time with maximum amplitude
occurring at LO + 141 seconds (Fig. XII-35). The response frequency,
as it varied with flight time, is shown in Fig. XII-11. The maximum

dynamic loads resulting from this axial oscillation were only +4200
pounds in the Mach 1-Max q region.

The steady axial loads resulted from the combined effects of thrust,
aerodynamic drag and compartment pressures.

_8. Stage I Flight--Lateral

The dynamic responses of the aceelerometers located in Compart-
ment 1 (Meas 1671 and 1672), and the Stage II rate gyros (Meas 0723
and 0724) were converted through vibration analytic parameters to

lateral dynamic bending moments along the launch vehicle. The ob
served frequencies of the various structural modes are shown in Fig.
XII-11. The variation of the peak modal bending moments is shown
in Figs. XII-12 and XII-13 as obtained from the accelerometer and
rate gyro signals, respectively. These data are presented to confirm
the feasibility of utilizing rate gyro dynamic responses for determining
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lateral dynamic loads, particularly since GLV-5 and up will not be
equipped with lateral accelerometers. The general trends show good

agreement.

Maximum dynamic responses occurred in the transonic region as in

previous flights and the amplitudes were approximately the same as
those which occurred on GT-2 (Fig. XII-14). The totalMach i and

Max CN_ q _ dynamic loads are shown in Figs. XII-15 and XII-16, re-

spectively.

Strain gage data were not used to assess the flight dynamic responses
in the 4- to 10-cps frequency range because of the superposition of
extraneous responses which are not attributable to the structural sys-
tem.

Low amplitude slosh mode oscillations occurred throughout the time

period from approximately LO + 90 seconds to BECO. Figure XII-17
presents the observed frequency and its correlation with calculated
slosh mode vibration frequencies. Although the amplitude of these
oscillations was low (approximately +0. I inch at the crew station and
a maximum load of +48,000 in. -Ib), the motion did occur as a limit
cycle oscillation with a beat period of 3 to 5 seconds.

The quasi-steady lateral loads resulted primarily from winds during

Stage I flight. The T-0 wind profile is shown in Fig. XI-3. The Max

CN_ q _ condition occurred at LO + 68 seconds and resulted in a peak

bending moment of I.96 x 106 in. -ib at Station 935. The peak bending

moment at Mach 1 (LO + 60 seconds) was I. 52 x 106 in. -lb.

At LO + 105 seconds (gain change), a small step change in the engine
angle took place (only 0.2 degree), apparently due to winds. This step
induced a low amplitude oscillation in the fundamental bending mode
(peak bending moment of 210,000 in. -ib) at 4.0 cps (Fig. lKII-13). Al-
though this was of little significance to the total GT-3 flight loads, it
serves as an experimental indication of the loads induced by an engine

step change for use in malfunction and abort studies. This engine step

change resulted in a peak modal moment of I. 05 x 106 in. -ib/deg of

engine deflection.

9. Pre-BECO--Axial

The oscillatory axial loads reached a maximum at pre-BECO. This
resulted in loads at the critical Station 320 of only +6400 pounds based
on the Compartment I axial accelerometer response at the fund_unental
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axial mode (19 cps). The resulting loads at Station 372 correlated with

strain gage response loads as follows:

Type

Axial accele rometer

Strain gage

Strain gage

Meas

0670

0665

0666

Load (Ib)

64OO

9660

7245*

* Based on an effective area of 13.0 in. 2

The greatest component of structural loading at pre-BECO is due to
the steady axial load. Loads analysis using measured thrust values
produced a maximum load of 261,000 pounds at Station 320. The axial
acceleration as determined from the loads analysis (using measured
thrust values) was 5.63 g which was the same value directly measured

from the Compartment 1 axial accelerometer.

i0. Pre-BECO-- Lateral

Lateral dynamic responses during the pre-BECO period were ob-
served primarily on the first, third and engine structural modes, and
in the Stage II fuel slosh mode. The load distribution from these re-
sponses is shown in Fig. XII-18. The second mode responses are pre-
sumed to exist, but their existence was not evidenced on the Compart-
ment 1 accelerometers and on the Stage II rate gyros because of the

peculiar location of these transducers with respect to the second mode
node and antinode.

A correlation of the load due to slosh mode responses at Station 372,
as determined from various transducers, is as follows:

Type

Rate gyro

_ccelerometer

Strain gage

Meas

0723

0672

0665

Load (in. -ib)

31,200

32,700

36,000*

2
* Based on an effective area of 13.0 in.

11. Stage II Flight

The steady axial acceleration reached a value of 7.5 g at the end of
Stage II flight. The various dynamic responses which occurred during
this portion of the flight were low in magnitude. At Stage II ignition,
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the 24-cps axial mode was excited by the hypergolic ignition spike and

resulted in a 131,000-pound load at Station 372 as indicated by strain
gage Meas 0666. The total load at this time was low relative to that

experienced at pre-BECO.

A low frequency oscillation (0.83 cps) was induced by the staging

process, which corresponds to the Stage II oxidizer slosh mode (Fig.

XII-17). This resulted in a displacement at the crew station of approxi-
mately ±I. 5 inches.

The only observed post-SECO transients were those induced by space-

craft separation. The resulting effect on the structure was negligible.

12. Total Airframe Loads

a. Launch prerelease

The prerelease total equivalent axial loads shown in Fig. XII-19 re-

flect the following considerations:

(i) Axial deadweight plus axial dynamic loads caused by engine

ignition (Fig. XII-6)

(2) Lateral steady wind load (Fig. XII-2)

(3) Lateral oscillatory loads (Fig. XII-8)

(4) Stage I tank pressure.

The equivalent axial loads in all parts of the structure were well
below the design limit. Aft of Station 1188, GT-3 experienced loads
which were only 78% of design limit.

b. Launch post-release

The post-release total equivalent axial loads shown in Fig. KII-20
reflect the following:

(i) Axial acceleration

(2) Lateral bending moment transients induced by the sudden re-
lease from the launch stand (Fig. XII-10)

(3) Stage I tank pressure.

c. Transonic

The maximum total equivalent axial load at Mach I. 0, where the

lateral dynamic loads are greatest, is shown in Fig. XII-21. This
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load includes the following:

(I) Axial acceleration applied to the deadweight load and axial

air drag

(2) Axial oscillatory loads

(3) Quasi-steady lateral bending moment due to aerodynamic
loading

(4) Lateral dynamic bending moments (Fig. XII-15)

(5) Stage I tank pressures.

The largest equivalent axial load occurred just aft of Station 1188,

amounting to 81%0 of the design limit load.

d. Max q
CNa

The maximum total equivalent axial load during Stage I flight (Fig.
XII-22) includes the following:

(I) Axial acceleration applied to the deadweight load and axial
air drag

(2) Axial oscillatory loads

(3) Quasi-steady lateral bending moment due to aerodynamic
loading

(4) Dynamic lateral bending moments (Fig. XII-16)

(5) Stage I tank pressures.

The largest equivalent axial load occurred just aft of Station 1188,

and was 83% of the design limit load.

e. Pre- BECO

The time of maximum Stage I acceleration was considered. The

pre-D_t_ ...._v_l cqu_,r_l_+_,_........_ia] load shown in Fig. XII-23 comprises
the following:

(i) Axial acceleration applied to the deadweight load

(2) Axial (POGO) oscillatory loads
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(3) Quasi-steady lateral bending moment

(4) Dynamic lateral bending moments (Fig. KII-18)

(5) Stage I tank pressures.

Just aft of the Stage II oxidizer lower dome tangency point (Station

320), the GT-3 axial equivalent load was equal to 97% of the design limit
load. Itmust be realized, however, that this equivalent axial load was

only 71% of the tested load. The apparent decrense in lateral dynamic
loads on GT-3 is due to the inability to obtain loads attributed to dy-

namic responses in the second structural mode. Location of instru-
mentation was the cause for this inability of measurement.

f. Stage II flight

The maximum total equivalent axial load which occurred at SECO
is shown in Fig. XII-24. It was due solely to the axial load caused by
acceleration. The greatest equivalent axial load was only 59% of the
design limit at Station 277.

13. Overall Load Envelope Comparison

The maximum flight equivalent axial loads from all loading condi-

tions experienced by GT-3 are shown in Fig. XII-25; the limit design
curve has been included for reference. Although the load at Station 320

was nearly equal to the limit design value, this condition was not con-

sidered critical since it represents only 71% of the tested strength.

As shown in Fig. XII-25, the flight conditions which caused the

maximum equivalent axial loads were prerelease, Max CNa q _, and

BECO. Table XII-3 summarizes the net interface (Station 276) loads

experienced on this flight. These are comparable to loads occurring
on the GT-2 flight and are well within design requirements.

14. Structural Anomalies

On previous flights (GT-1 and GT-2), structural integrity of the launch
vehicle transportation section (Compartment 3B) during booster staging
was not ascertainable. Astronaut debriefing from the GT-3 mission,
however, indicated that particles classed as debris were sighted for a
short period of time after stage separation. It is most likely that these
particles were, in fact, debris resulting from the usual breakup of the
transportation section; this has been substantiated by examination of

tracking films. Based on similar occurrences on Titan II flights and
on subsequent analytical studies, there is no hazard to Stage II from

E R 13227-3



XII-33

-800

-700

-600

o -500

-400
o
,-.]

-300

-200

-I00

200

Fig. Xli-24.

400

Design envelope code
Prerelease

0 Post-release _

0 Transonic buffet

• BECO

Vehicle Station (in.)

!

1200 1400

Equivalent Axial Load: SECO Condition

ER 13227-3



I
XII-34

-7O0

-200

-ioo

li:] ;H::;_I

# :

N;:i:
;'SSI

_:: i hh

i_ !:!I:ii*
T; .....

i; !;iti:i
ii :WN:

i!ii!i!!

'jh _IM

:" {!![!}:
!ii :t;i,i:i

lOOO

(in.)

;'=7"
:Ult i:l_ :!I '.;;

i:22iN:liZ
f/:i

l:i :!i: .F'_

:tUI_i|I {_:{:;:

,@F_lll;|ih:
_t+t:F:i
ti!@tit:ltil!fi
Yl:;l;;lll;l;l :;:

L:ilHqilI!::i

::.::_}t:t;liIk
: :P_';I!!!'!:

!I_iW'it!|ltii
1200

Fig. XII-25. Maximum Structural Load Envelope

ER 13227-3



XII-35

this debris. Motion of the debris is normally directed radially outward
from the vehicle and, since some forward velocity can be imparted to
the particles, a momentary glimpse is possible.

B. VIBRATION ENVIRONMENT

Three vibration transducers were incorporated on GLV-3 to obtain
environmental data on the GT-3 flight. The primary results are shown
in Fig. XII-26 and are listed in the following tabulation.

Meas

1191

1697

1698

Location

Tandem
Actuator
2 Cora-l'
partment
5

RGS equip-
ment

mount

Compart-
ment 2
truss

Orientation

Vertical

(actuator
axe s )
Lateral
(GLV axes)

Lateral

(GLV axes)

Vertical

(GLV axes)

Valid

System
Frequency

Range
(cps)

1200

660

2000

g Fins

Maximum

7.0 at LO

1.45 at
LO+ 4
sec

3.0 at
LO+ 58
sec

Spec 0 to
2000 cps

54

14.3

14.3

Although the maximum grms values listed are with respect to power
spectrum analyses covering the frequency range up to twice the valid
system frequency range, the actual values for Meas 1191 and 1697 may
be somewhat lower than those shown because of the limitation of the

system frequency range of these measurements. Conversely, data from
Meas 1698 may be conservative. Data were not obtained during Stage II
flight.
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TAB LE XII- 3

GT-3 Spacecraft/Launch Vehicle Interface Net Loads Comparison

Compressive Equivalent Axial Load
Compartment Pressure (ib)

Differential Load Pressure Pressure

Condition (psi) (Ib) Neglected Included

+i. 05
+I. 82

Transonic

Max CN_ q_

BECO

Design +3.0

+ii, 875
+20,584

+33,930

-40,002
-46,374

-28,127
-25,790

-60,400

Tensile Equivalent Axial Load
Compartment Pressure (Ib)

Differential Load Pressure Pressure

Condition (psi) (Ib) Neglected Included

Transonic

Max CNo _qo_

BECO

Design

+I. 05
+i. 82

+3.0

+11,875
+20,584

+33,930

-2,669
-11,827

-33,912
+52,430

+9,206
+8,757

+86,230*

*The data in this table indicate the effect of a positive compartment
pressure on interface axial loads. The reduction in axial compres-
sive loading due to this positive compartment pressure is not included
in the compression design loading but is included in the tensile design
loading. GT-3 experienced interface loads amounting to 29.8% of de-
sign compression and i0.7% of design tension. Measurement of com-

partment pressure differential was available on GT-1 and GT-2 only.
The differential used for GT-3 was data from GT-2; BECO Compart-
ment 1 pressure was not available from GT-2 for this analysis.

Interface design loads shown in this table were obtained from Ref. 13.

C. STRUCTURAL INTEGRITY PROGRAM

The structural integrity flight evaluation program carried out on the
GT-2 and GT-3 flights was comprised of the following:

(i) A calorimeter to measure heat input to the St_f-_ I oxidizer

tank dome due to cross-flow of boundary layer air in the
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transportation section (Compartment 3B} in the event of high

angles of attack during Stage I flight.

(2) Temperature measurements to determine the degree of
aerodynamic heating resulting from trajectory dispersions
or from a slow drift-type malfunction.

(3) Strain gage measurements for evaluation of structural loads
in the event of a switchover and the effect of total angle of
attack during flight.

Instrument locations appear in Fig. XII-27. The calorimeter was
mounted on the Stage I oxidizer tank forward dome at Station 608.

i. Calorimeter Data

Temperature measurements from the calorimeter (Meas 0176} in-

dicate that cross-flow heating in Compartment 3B on this flight was

virtually nonexistent. This has been substantiated by the post-flight

reconstructed trajectory which indicated angles of attack on the order

of four degrees. An angle of attack of this magnitude would produce

very littlecross-flow through the compartment. The calorimeter did

experience a rapid temperature rise upon ignition of the Stage II engine
(approximately 600 ° F in a fraction of a second) which was expected

due to the impingement of hot exhaust gases on the tank dome. Tank

dome temperature history is as follows:

Stage I Oxidizer Tank Dome Temperature (Meas 0176}

tTuem_e_ - 79 7 76 8 74 71 1 74 76 8 79 7182 6J85 4J. l ....:1_ 1 L.I. • •
;',-'Gage limit.

120-153] 153+

88.3 L603. 5*

2. Temperature Measurements

The temperatures recorded by the transducers had to be corrected
to account for a small lag due to the thermal capacity of the transducer

according to the relationship:

T = T. + KAT
c 1

(1)

where

T
c

T°

l

= corrected temperature (° F)

= temperature at start of heating (° F)
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AT = measured temperature rise from T. (° F)
1

K = 1.09

The corrected temperatures are shown in Fig. XII-28 for the three
transducers at Station 377 and in Fig. XII-29 for Stations 564 and 935.
These skin temperature measurements were taken as far as possible
from large heat sinks such as stringers or other internal structural
members. For loads analyses, it is necessary to arrive at tempera-
tures of strain-gaged members in order that the material properties
can be adjusted, it was found that at the peak skin temperature the cor-
responding stringer temperature was low enough such that the degra-
dation of the stringer modulus of elasticity was less than 1%. There-
fore, stringer temperature increases above ambient have been neglected.

3. Strain Gage Evaluation

Strain measurements recorded at Stations 371 and 937 on the GT-3

flight are presented in Tables XII-4 and XlI-5. Strain history for Sta-
tions 371, 555 and 937 are plotted in Figs. XII-30, XII-31 and XII-32.

A basic assumption necessary in the strain gage data evaluation is
that the launch vehicle bending planes remain planar. This is reason-

able since the basic structure is generally stability-critical, and for
the anticipated flight loads no plastic deformation of structure is ex-
pected. The measured strains were therefore expected to fall within
a defined plane; however, this condition was not indicated by the flight
data.

Since three points determine a plane, load planes for Stations 371
and 937 were determined by utilizing combinations of the four recorded
strains at these stations. Thus, for any flight condition examined, the
test data indicate that four load planes are possible at each station. The
calculated strain for any one of the four gage locations at Stations 371
and 937 was obtained by assuming that the remaining three measured
strains were planar. The comparison between measured and calculated
strains appears in Tables XII-4 and XII-5.

The axial loads calculated from strain data (internal measurements)

were generally lower than those derived from the reconstructed trajec-
tory (external measurement). As may be seen in Tables XII-4 and XII-5,
the loads obtained from strain data indicate that all skin panels were
buckled. One manner in which more realistic loads can be derived
from the strain data would be to apply a modified panel buckling and
effective skin criteria.

The strain measurement loads digital program used in calculating
the GT 2 loads (Ref. i), and the original GT-3 loads (Tables XII-4 and
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Time

(sec)

-3.0

1

Station 371 Measured Strains Verst

Meas Calculated Meas Calculated Meas

e0665 c0565 c0666 _0666 c0667

-0.000247 -0.000244 -0.000278

-0.00.0283 I

i -0.000280 1

-0.000242

I

1

-0.000239 -0.000278

-0.000238

-0.000243 i

j -0.000240
I
i

-0.000202 _ 1'

-3.0 -0.000247 -0.000244 -0.000199 -0.000238

70 -0.000660 -0.000945 -0.000480

-0.000447 I

1 I'

-0.000660 -0.000732 -0.000480

-0.000701 !-0.000520

,L
-0.000528

'r 1 r

-0.000701 -0.000945 -0.000772 -0.000520

-0,000660 -0.000986 -0.000480
i

-0.000773

-0.000406 r

701 -0.000480

80 -0.000720

1 h
-0. 900479

!

-0.000805 -0.000720

-0. 000759

I ' -0. 000518 I -0. 000759

80 -0.000660 -0.000986 -0.000844 -0.000759

150 -0.001524 -0.001997 -0.001719

L ' I
_OO 001660

I -0,
1 r "

150 -0.001524 -0.001997 -0.002133 -0.001719

*P does not include 1 g deadweight of empty booster plus payioad; St

**Dynamic loads included.



XII-43

TABLE XII-4

, Computed Strains and Strain Derived Loads Versus Trajectory Derived Loads

=ulated Meas Calculated _-w

0667 e0668 c0668 (deg) (in.)

-0.000249 -0.000213 72.47 2.73

t 31.06 0. 14
!
!

)00242 I -80.04 -3.06

-0.000249 -47.70 3.62

-0.000208 76.58 3.02

}00283 -0.000208 72.80 2.85

-0.000208 68.87 2.63

-0.000249 -0.000253 86.50 -2.60

-0.000249 70.09 -1.99

-0.000249 -68.86 -3.22

-0.000208 -40.25 4.18

-0.000208 27.46 0.15

-0.000912 -0.001125 54.04 0.90

34.38 1.39

_00693 31.76 0.75

-0.000912 66.22 0.34

-0.000953 -0.001126 55.59 0.75

38.33 1.09

100693 38.89 0.58

66.35 0.30

-0.001166 52.76 0.98

34.63 1.45

,00693 _ 32.56 0.79

-0.000953 82.73 0.48

-0.000912 31.10 1.62

00734 -0.000912 24.80 0.90

-0.000745 -0.000926 27.68 0.86

d
26.93 1.86

00901 -27.82 1.90

9.06 1.02

I -0.0008_7 19.00 !.00-1.67 1.83

-0.000745 -4.29 1.33

-0.001938 -0.001802 9.21 0.67

28.25 0.40

01583 31.26 0.46

-0.001938 17.63 0.62

tion 371 1 g deadweight = 10,400 lb.

Panels Buckled

2,4,7,9,15,20

2,4,7,9,15,20

2,4,7,9,15

2,4,7,9,15,20

r

2,4,7,9, 15, 20

2,4,7,9, 15

,L

r

2,4,7,9,15

2,4,7,9,15,18,20

1

2, 4, 7, 9, 15, 18, 20

Stra n P

Axi t1"

(l_

-33, 116

-35, 176

-33,080

-35, 135

-32,827

-33,113

-32,833

-33,071

-32,842

-32,848

-30. 469

-30,540

-93, O05

-81,708

-93,178

-81,910

-95,214

-86,064

-95,346

-86,209

-95, 132

-83,842

-95,314

-84,052

-81,651

-95,330

-95,325

-85,698

-95,342

-85,869

-95,337

-87,786

-87,917

-192,702

-199,737

-192,697

-199,670

Strain Trajectory P Trajectory
Moment Axial Moment

(in.-Ib) (ib) (in.-Ib)

-48,000-47,583

-97,402

-116,332

-42,688

-49,019

-65,061

-64, 631

117,350

88,649

-131,831

-25,290

-115,947

1,277,412

1,182,240

622,931

800,891

1,181,836

1,083,949

635,578

799,787

1,374,503

1,287,060

728,482

886,388

1,286,494

619,354

654,937

753,907

411,731

180,207

559,127

666,898

204,017

702,184

657,546

1,004,501

1,030,205

J

-48,000

-110,488

!

I

I

-16,000
l

-16,000

-902,216

r

-9o2,216

-360,748

k

r

-11o, 488

-12o, 564

k

r

-120,564

-258,923;-265,323**

d I

-360,748

-6030; -131,030**

J ,L

1 r

-6030; -131,030**

1 r

-258,923; -265,323**
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Fig. XII-30. Station 371 GT-3 Strain History
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Fig. XII-31. Station 555 GT-3 Strain History
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Time from Liftoff (sec)

Fig. XII-32. Station 937 GT-3 Strain History
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XII-5) used skin panel buckling criteria basedon skin panel simply sup-
ported on all edges. These criteria were revised to a clamped, clamped,
simple, simple panel. Also, the stress distribution assumed across
a panel from axial compression loads as found in SketchA was revised
as shownin Sketch B.

I

IV I'
IlillllllIIIILIIII

!

Sketch A

F b
___ Normal _

Assumed
distribution_

. _---distribution

-

Sketch B

C

Assumed
cr

cr

Using these revised criteria, checks were made for Station 371 and
Station 937--one at LO - 3. 5 seconds and one at LO + 150 seconds. The

comparisons are shown in Table XII-6. These comparisons show that
the revised buckling criteria brings the calculated strain loads into a
much better comparison with the calculated GT-3 trajectory loads.
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Another factor affecting the loads as calculated from strain data is
the gaps at the manufacturing splices which are close to the strain
gages. The measured gaps are shownin Fig. XII-33. ReadingNo. 1
of this figure was madeby passing a feeler gage completely through
the splice frames. ReadingNo. 2 was made by inserting a feeler gage
between the splice frames to a depthof one inch. The influence of these
measured gaps cannot be readily evaluated but it is felt that they defi-
nitely contribute to mismeasurement of loads.

4. Conclusions

Discrepancies between the trajectory-derived loads and the strain-
derived loads are attributed to the tolerances in the strain measure-

ments and the validity of associated criteria used in the strain loads

analysis. Primary reasons for inconsistent out-of-plane readings ap-
pear to be unknown factors associated with the following:

(I) The actual stress distribution across a structure composed

of stringers and buckled skin is not well defined in tests.
Present design distribution (Sketch A) was used in the strain

loads digital program. While this method is satisfactory for
sizing in the design phase, it is not satisfactory for analysis
of load distribution. A revised distribution similar to Sketch

B is needed and very little published data or test data are
available on the subject.

(2) The actual area of structural members comprising a cross
section varies with the manufacturing tolerances to the
amount of 16% between maximum and minimum values. For

the strain loads digital program, nominal values were used
since the vehicles (GT-2 and GT-3) were already assembled.

(3)

(4)

It was assumed that the skirt removable doors were nonload

carrying both in this analysis and in design; however, these
doors do have some load capacity and their actual load would
be a function of the overall load because attachment slop
would have to be taken up before these doors could, in fact,

carry any load.

Gaps at the stringer fittings at the manufacturing splices
were considered nonexistent both in this analysis and in

design. Figure XII-33 shows that gaps do exist and engi-
neering drawings permit gaps of specific magnitudes. Splice
gaps can be attributed to at least two things:
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Rotation of splice frames

Skirt tolerances

/
or

Manufacturingsplice

1 or

Sketch C

(5) The calibration of the strain gages was accomplished by
checking the zero load condition on the vehicle and the full
load (during WMSL) condition on the vehicle. However,
these gages were checked for accuracy from Sanborn data
rather than digital data (which are not taken during WMSL).

(6) Insufficient strain instrumentation created the possibility of
off readings or, in fact, loss of the gage. For the limited
instrumentation available, it would have been better to con-
centrate all the instrumentation at one station to get a better
picture of strain distribution, to better establish the load
plane, to eliminate bad readings and to possibly answer the
effect of the gap problem.

The recorded strains on GT-3 followed the same general trend of
those recorded on GT-2. The comparison of the loads derived from
using standard design buckling criteria versus that of using a more
realistic load carrying criteria indicates that very good correlation of
axial strain loads versus trajectory axial loads is possible. Poor
correlation of bending moments still exists. GT-3 was the last v_hi_le
scheduled to have structural integrity instrumentation onboard. The
results, while possibly within the "generally accepted iimit,_" for tests
using strain gages, could have been better. The test articles (GT-2
and GT-3) could have been treated more like laboratory specimens in
the area of the instrumentation by incorporating the following:
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(1)

(2)

(3)

(4)

(5)

(6)

Monitor one vehicle station and therefore have a concentration

of instrumentation at that one station (preferably Station 935).

This would give a better load picture, especially if one or two

gages are read erroneously.

_- Strain gages on GT-2 and GT-3

A Strain gages removed from other
stations and replaced at this
station

O Existing temperature transducers

A Added temperature transducers
from other station

Lower the range and increase the sensitivity of the strain
gages. The original purpose of the strain gages was for
evaluation of structural loads in the event of a switchover

and the effect of total angle of attack during flight. Based on
this purpose, the range of the gages was established to cover
the ultimate strength of the vehicle at the monitored stations.
Since normal flight loads are generally well below design
values, the range of the gages could be lowered and their
sensitivity increased if, in fact, the main purpose would be
to cover only normal flight loads.

Eliminate the splice gap problem by shimming (laminated)
at every stringer at the manufacturing splice whether the
stringer is physically spliced or not.

Use a more realistic skin load carrying criteria even if not
established by test. The normal distribution used for design
purposes is too conservative for this type of analysis.

Load calibrate the strain gages during WMSL and check the
calibration by digital printout rather than analog paper
records.

Establish the actual areas of the structural members in the
monitored section. Skin thickness tolerance affects both the

total area used for load carrying capacity and the skin buckling
stress level. Skin thickness tolerance alone at Station 935

could vary the skin area between 17.34 and 20.36 square
inches. Thirty-one of the thirty-five stringers at Station 935
could each have an effective area of 0. 383 to 0. 447 square inch.
Since articles GT-2 and GT-3 were already fabricated, getting
the actual dimensions of all the component-_ at a particular
station was not possible.
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(7) Use thrust chamber differential (Stage I engine) versus

flight time and actual actuator displacements in the calcu-

lation of trajectory loads. Calculate actual pitch-yaw loads

rather than total plane loading. Trajectory derived loads

were computed by the existing design loads program which

at this time did not have the aforementioned factors incor-

porated.

TABLE XII- 6

Comparison of Loads Using Revised Buckling Criteria

Vehicle
Station

371

937

Time

{se c) Method

-3.5 Original

-3.5 Revised

-3.5 GT-3 trajectory

150 Original

150 Revised

150 GT-3 trajectory

-3.5 Original

-3.5 Revised

-3.5 GT-3 trajectory

150 Original

150 Revised

150 GT-3 trajectory

Axial Load

(lb)

-35,176.

-37,093*

-48, 000

-199,737.

-229,681.

-258,923

-265,323**

-197,997*

-231,289*

-247,000

-327,056*

-406,322*

-430,837

-435,977.*

Bending
Moment

(in. - lb)

-97,402

-90,800

-16,000

657,546

660,300

-6,030

-131,030"*

-216,000

-153,700

-240,000

1,563,000

1,868,700

-1,489

-211,489"*

Pitch Axis

Rotation (o_)

(deg)

31.06

31.06

28.25

28.25

77.56

77.56

-14.70

-14.70

*Does not include 1 g deadweight
Station 371 1 g deadweight = 10,
Station 937 1 g deadweight = 14,

**Dynamic loads included.

of empty booster plus payload.
400 lb.
200 lb.

Centroidal
Axis

Shift (Y)
(in.)

0.14

O. 458

0.40

0.612

1.97

2.39

0.83

1.006

• ,"_'_Tt-_'rr'r"IT'I-_T'I_TL_T VTR_ATTC')N,g (POGO)

It has been determined analytically and verified on all three Gemini-

Titan flights that the longitudinal oscillation instability that characterized

the Titan II configuration can be suppressed by the use of tuned hydraulic

resonators inserted into the Stage I propellant feedlines. These suppres-

sion devices (piston-type fuel accumulators and oxidizer line stand-

pipes) were incorporated on GLV-3.
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i. Flight Longitudinal Vibration Levels

A review of telemetry data indicates that a sustained launch vehicle

longitudinal vibration in excess of the prescribed criterion of 0.25 g

zero-to-peak at Station 280 did not occur. The suppression system

operated satisfactorily, and successfully eliminated the POGO insta-
bility from GT-3. Figure XII-34 shows a comparison of the accelera-
tion levels observed on GT-3 with those measured on the GT-I and
GT-2.

No unusual or unanticipated oscillations were noted on any of the
pressure transducers or axial accelerometers. Although pressure

responses of all measurements on S/A 1 were somewhat larger than
those observed on S/A 2, it was apparent that this occurrence had no

noticeable effect on the performance of the POGO hardware or on the

amplitude response of the structure at POGO frequencies. The sig-
nals from the launch vehicle axial accelerometers located at Station

280 on the Compartment 1 skirt near the spacecraft interface, and at
Station 1209 on the aft fuel tank longeron of Compartment 5 were

analyzed by narrow band analog filtering to determine the magnitude

and frequency of the primary oscillation.

Figure XII-35 presents a comparison of filtered data from the two
launch vehicle accelerometers. The general filtered level of response
near the spacecraft interface was less than 0. 15 g zero-to-peak. At
Station 280, a peak value of 0.13 g zero-to-peak at a frequency of 13.5
cps occurred at LO + 140 seconds. An additional intermittent response
was also noted at LO + 132 seconds, with a maximum value of 0. 125 g
zero-to-peak.

At Station 1209, a peak value of 0.26 g zero-to-peak occurred at

LO + 132 seconds, while intermittent higher peaks of 0.33 g zero-to-
peak occurred at LO + 140 seconds and 0.49 g zero-to-peak at LO +
150 seconds.

Correlation of calculated and measured values of frequency and
amplitude ratios was good. The vibration levels in Compartment i,

as shown in Fig. XII-36, were the lowest values obtained on the GT

flights.

2. POGO Parameters

Accelerations and propulsion system pressure data associated with
the POGO phenomenon were monitored, using both PCM and FM tech-
niques. Figure XII-36 presents the telemetry traces of significant
system parameters during the period of Stage I flight between LO +
128 seconds and BECO.
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Fig. XII-36. Oscillogram of Selected parameters (LO + 128 see to BECO)
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The major propulsion system parameters (oxidizer suction line
pressure, Fos, fuel suction line pressure, Pfs' oxidizer pump dis-
charge pressure, Pod' and engine thrust chamber pressure, Pc) were
relatively free of first structural mode frequency POGO-type pressure
oscillations. The oxidizer standpipes operated to suppress vibrations,
and clearly showedresponses to the first mode longitudinal vibrations.
It is difficult to ascertain the degree of efficiency of the fuel accumula-
tors to motion at structural frequencies dueto the large steady-state
response at the fuel line resonance of 23 cps. However, this response
indicates that the systems responded well to pressure oscillations and
operated as intended.
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XIII. AGE AND FACILITIES

A. MECHANICAL AGE

Launch vehicle mechanical AGE functioned properly during precount,
countdown and launch operations.

i. Precount Operations

The mechanical AGE equipment used during precount activities is

primarily utilized during transport and erection of the launch vehicle
stages. One Stage I trailer was modified after GLV-2 to permit trans-

porting GLV-3 from Baltimore to Cape Kennedy by the B-377 PG air-

craft. Stages I and II were airlifted on separate flights without incident.

Stage I was transferred from the modified trailer to a conventional trail-

er at Cape Kennedy to permit entry into the erector for vertical erection.

No other design revisions were made to the AGE items following the GT-2
launch. All equipment functioned as designed.

2. Countdown Operations

All mechanical AGE used during the countdown functioned properly.
One design revision was incorporated from GLV-2 to GLV-3. Passage
holes for umbilicals 3D1E and 3D2E were made in the lower curtains.

3. Launch Operations

Spacecraft umbilical disconnect system. The dropweight system was
released simultaneously with the firing of the launch holddown explosive

nuts and retracted the three spacecraft umbilicals as intended.

Launch vehicle umbilical sequence. Review of the landline recordings
plus film coverage confirmed that all seven umbilicals separated cleanly
and in the planned sequence. The first umbilical disconnected at 1424:00. 240
GMT and the last separated at 1424:00. 870 GMT.

B. ELECTRICAL AGE

The launch and checkout equipment operated satisfactorily during

prelaunch and launch operations, and no problems were encountered.

i. Power Distribution Control Set (FDCS)

The PDCS equipment functioned properly throughout prelaunch and

launch operations. The APS, IPS, 25 vdc and inverter monitors did not
indicate a hold or shutdown condition, thereby verifying satisfactory
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operation of the transformer/rectifiers and associated equipment be-

fore, during and after power transfer. The interface cabling and um-
bilicals also functioned satisfactorily.

2. Propellant Loading

All electrical counters on the propellant loading system operated

properly with no discrepancies noted.

C. MASTER OPERATIONS CONTROL SET (MOCS)

Analysis of the MOCS automatic sequence records shows thai all

functions were performed properly. At T-35 minutes, a hold was called
due to aleakin the oxidizer line. After this condition was rectified,

the automatic sequence was initiated and proceeded through a successful
liftoff. MOCS T-0 occurred at 1423:56.6 GMT followed by TCPS 1.2

seconds later. The following MOCS generated time functions occurred

as specified:

TCPS+ 1.6 seconds

TCPS+ 1.8 seconds

TCPS + 2.0 seconds--fire launch nuts 1423:59.8 GMT.

The launch operation was completed in 3.2 seconds.

During the launch holdfire, E-8 (primary hydraulic system shut-
down) was monitored although its shutdown capability was removed.

However, had E-8 been a shutdown parameter for this launch, a shut-
down would have occurred at T+I second due to a below-limit pressure

drop in the primary system. Approximately 0. 1 second later, the pri-

mary system pressure returned within limits and remained there until
E-8 was timed off at TCPS+ 1.8 seconds.

The recorders were changed to high speed at T-2 minutes. Durin_
the remainder of the count, the operation of the sequencer was com-

pared toihe real-time trace. All traces were checked for time of oc-
currence, proper sequence and coincidence of occurrence, and found

to be correct and consistent with the planned operation of the sequencer.

D. PAD DAMAGE

The damage to AGE and facilities caused by engine blast and heat

was minor. The damage was less than that for the GT-2 launch. All

damaged items will be refurbished to their original configuration. The

most sigmificant damaged items are as follows:
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(i) Complete Vehicle Erector (CVE)

(a) Corrugated aluminum siding (east side of CVE). Panels
from the deck to the 26 foot 7 inch level loosened and two

pieces were blown off.

(b) Launch vehicle personnel elevator (west side). The ele-

vator guard screen from the pivot point to the 9 foot 8 inch
level was blown loose and bent. The weld between the

weight/sheave guide bracket and track support channel

on the overspeed governor cable tensioning device was
broken, and the elevator guide track channel was twisled.

(c) Spacecraft service elevator (east side). The button con-
duii was torn out from the deck level to the 9 foot 8 inch
level.

(d)

(e)

Ground strap at the west pivot point was damaged.

Electrical items. The flexible i-i/2 inch conduit at the

east pivot point pulled loose from the connector. The

MITOC unit became inoperative and burned above the

west pivot point.

(O Safety showers. The sides on the 9 foot 8 inch level
were blown loose and bent.

(2) Complete Vehicle Umbilical Tower (CVUT)

(a) Deck level. The nitrogen purge conduit to the portable
erector controller J-box (east face) was broken off.

(b) Level No. i. The camera was broken loose from bracke_.

(c) Level No. 2. The spray header was damaged and fhe ele-

vator cable guard screen was broken loose.

(d) Level No. 3. The elevator cable guard screen was brok_n
loose.

(e) Level No. 4. The nitrogen pressure reducing station was

blown apart and the piping was badly bent.

(0 Level No. 7. The safety chains for slide wire No. 2 were

broken, the handrail on the north side was bent, and the

support bracket for lights and cameras at the top of the

tower collapsed.
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(3) Second-Stage Umbilical Tower (SSUT)

(a) Light and conduit support brackets at the south side of

the top level were bent down.

(4) CVE Thrust Mount Area

(a) Flame shields. A-frame shields were missing and

damaged. The inner thrust ring shields (one section)
were missing and (one section) damaged.

(5) Launch Deck Area

(a)

(b)

Structural. The blast cover for the Aerojet cleaning
unit on the north side of CVE thrust ring was damaged.

The second-stage erector leg lock blast cover at the

west leg was damaged. The spacecraft elevator ramp
was torn loose from the deck at hoistway. The spacecraft

elevator hoistway gate posts were bent.

Electrical. The MITOC unit near J-box "C" became in-

operative. The conduit was broken loose from the MOPS

J-box mounted on the spacecraft elevator ramp. The

spacecraft elevator control conduit was bent and broken.
The conduit pulled loose from the transfer crane J-box
at base of the crane.

(c)

(d)

Mechanical. The safety shower at the base of the CVUT

stairway (ground level west of ramp) was distorted, and

eyewash piping was broken.

Miscellaneous. The CCTV camera No. 3 tiltmechanism

was damaged.

ER 13227-3



XIV-1

XIV. RELIABILITY

A. ENVIRONMENTAL CRITERIA

GT-3 flight data, pertinent to GLV environmental criteria, have
been reviewed and found to be lower than the qualification test levels.
A comparison of the flight data with qualification test limits, analysis
data, GT-I and GT-2 data and with Titan II flight data appears in
Table XIV- I.

1. Compartment Temperatures

Compartment 2 and engine start cartridge air-conditioning system
exhaust temperatures were recorded prior to liftoff. These tempera-
tures ranged from 56 ° to 61 ° F and were within the specified 40 ° to
75 ° F range.

In-flight compartment temperature measurements were made in

Compartment 3B to measure heat input to the Stage I oxidizer tank
dome from the boundary layer air cross flow during high angles of
attack. Temperature measurements varied from 71 ° to 88 ° F on this
flight indicating that cross flow heating was virtually nonexistent.

2. Skin Temperatures

Skin temperatures were measured at three locations on GT-3.
The thermocouples were mounted as far as possible from large heat
sinks, such as stringers and other internal structure, in order to
minimize their effect on the true readings. All temperature readings

were well within specified limits.

3. Random Vibration

Vibration measurements were obtained on the Compartment 2

truss next to the RGS and on the tandem Actuator 21 in Compartment

5. The maximum lateral (yaw axis) vibration (grms) of the truss
occurred at liftoff. The maximum vertical (pitch axis) vibration

(g rms) of the tandem actuator occurred at liftoff, and the maximum
vertical vibration of the truss occurred 58 seconds after liftoff. No

axial (longitudinal axis) vibration measurements were made. All
measurements were well below the qualification test levels.

4. Steady-State Accelerations

Longitudinal accelerations on the GT-3 flight were comparable to
those measured on the GT-2 flight, and were well below the qualifica-
tion test level.
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The maximum Stage I measured steady-state acceleration was 5. 63 g,
just prior to BECO.

The maximum StageII measured steady-state acceleration reached
a peak of 7. 50 g at the end of the StageII flight.

5. Shock

No separate shock measurements were made; however, the vibra-
tion data include transient responses of the structure during release,
staging and at the time of spacecraft separation.

No detrimental effects were experienced or expected from these
transients.

6. Acoustic Noise

GLV-3 was not instrumented to record levels of acoustic noise
environment. This environment is considered to be adequately

represented by Titan II test data. GLV-4 will be instrumented to
measure sound pressure levels in Compartments 1 and 2.

B. PROBABILITY ESTIMATES

I. Countdown Probabilities

Based on GLV countdown experience, the average number of holds
per countdown (h) was calculated to be 0.25. h is based on the count-
down period from T-420 to T-0. Spacecraft holds and SCF data are
not counted. Countdown experience was gained on the following:

(i) One countdown (GLV-I), including engine ignition

(2) One countdown (GLV-2), countdown completed, tandem
actuator failed

(3) One countdown (GLV-2), including engine ignition

(4) One countdown (GLV-3), with one hold

From Ref. 13, the probability of GLV-4 completing the countdown

without a hold was predicted to be:

Pc/d (_ = 0.33) = 0.75

The estimate for GLV-3 was 0. 82 and was based on both SCF, and
GLV-1 and GLV-2 data.
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2. Flight Probabilities

No failure nor significant anomaly was observed in any GLV-3
system during this flight. Therefore, the only reliability conclusion
drawn is a slight overall increase in the estimate arising from the
increased hours accumulated.

The system of obtaining reliability assessments of engines, IGS
and RGS units is presently under review with SSD. Consequently, no
re-evaluation of these systems with respect to the GT-3 flight results
is presently available.

Modifications to the hazard model (Ref. 14) are therefore not included

here. It is expected that an amended hazard model including these sys-
tems will be presented in the May Monthly Reliability Report (ER 12794)
and in all future issues of the Flight Evaluation Report.

Based on the March Monthly Reliability Report (ER 12794-25), the
current reliability of the complete launch vehicle, exclusive of the
spacecraft, is 0.911.
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XV. RANGE DATA

A. DATA DISPOSITION

i. Quick-Look Data

Quick-look data supplied by ETR to Martin-Baltimore are sum-
marized in Table XV-i.

A high quality PCM serial tape was used, and few drop-outs were
exhibited during the flight. The formatted magnetic tape was of
excellent quality and contained no redundancies. The Tel II formatted
tape showed that, except for the 250-millisecond transmission blackout
at staging, there were only 30 bad data words recorded. Station 3
also had a net data loss during the blackout of 250 milliseconds.

Des cription

TABLE XV- 1

Range Su])plied Quick-Look

Time

Requested

T+I hr

T+I hr

T+I hr

T+I hr

Data

Telemetry magnetic tapes:

Tel II, post-detection
PC M/FM (i roll)

TelII, FM/FM
(2 rolls)

Station 1 formatted

(2 rolls)

Range safety plots

Time

Received (ETR)

T+I hr

T+I hr

T+3. 5 hr

T+3.5 hr

Time

Received

(Baltimore

T+9 hr

T+9 hr

T+9 hr

2. Martin Data

Test data and records generated by Martin at Cape Kennedy were
received in Baltimore within two days after launch. These data con-
sisted of the following items:

(I) One set of quick-look records from RCA tape.

(2) Fast engine rolls.

(3) Landline records {events, Bristol, Multipoint and Sanborn
records) with associated calibration sticks.
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(4) BLH printouts.

(5) 2600records (2650 and 2660, and events).

(6) Sequencerrecords with code sheets.

(7) Summary of flight events.

(8) Dub of C-19 landline magnetic tape.

3. Final Range Data

The data supplied by ETR are summarized in Table XV-2. The
time requested for delivery to Martin (Canaveral) and the time received
at Baltimore are also shown.

OD
Item

1

3

7

15

5

8

9

21

22

1.5-2

TABLE XV-2

Range-Supplied Final Data

Description

Position velocity and accelera-
tion, theodolite

Position velocity and accelera-
tion, camera

Position velocity and accelera-
tion, radar

Position velocity and accelera-
tion, MISTRAM

Attitude, camera

Altitude, Mach No. and Dynamic

pressure

Special parameters, radar

MISTRAM function recordings

Best estimate of trajectory

Best estimate of trajectory

Serial PCM, post-detection

magnetic tape

CD = Calendar Days

Time

Requested
(Canaveral)

3 CD

3 CD

3 CD

5 CD

3 CD

4CD

i0 WD

3 WD

14 WD

15 WD

1 hr

Time
Receivcd

(Baltimore

8CD

8CD

8 CD

16 CD

8 CD

6 WD

7 WD

i hr

WD = Working Days
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OD
Item

1.5-1

1.5-3

3.5-2

3.5-1

3.5-3

1.5-6

1.5-7

3.5-5

i.5-11

1.18

4

I. 11-1

-3

-4

-5

-6

3. 11-1

-2

TABLE XV-2 (continued)

Description

FM/FM, post-detection
magnetic tape

PCM formatted, post-detec-
tion magnetic tape

Serial PCM, post-detection
magnetic tape

FM/FM, post-detection
magnetic tape

PC M formatted magnetic tape

Signal strength (center frequency)
recordings

Antenna positions

Signal strength (center
frequency) recordings

Oscillograph records, near
real time

Range safety plot charts

Launch vehicle IP

Command control function
records

Command control function
records

Command control function
records

Command control function
records

Command control function
records

Command conh_ol function
records

Command control function
records

Time

Requested
Canaveral)

Time
Received

(Baltimore)

1 hr

4 hr

3 CD

3CD

ICD

1 hr

1 hr

4 hr

1 CD

1 CD

1 CD

8CD

3 hr

3 CD

3 hr

1 hr

1 hr

3 WD

3 WD

3 WD

3 WD

3 WD

5 WD

5 WD

8CD

6 CD

1 WD

1 hr

4 WD

5 WD

5 WD

ER 13227-3



XV-4

TABLE XV-2 (continued)

OD

Item

-3

7. Ii-i

-2

-3

1

1

27

7.5-3

7.5-5

3.5-6

25

Description

Command control function
records

Command control function
records

Command control function
records

Command control function
records

Range T-0 and time of
liftoff

Preliminary estimate of data
coverage

Weather surface, local terminal

Weather surface observations

Weather upper theodolite

Weather upper Rawinsonde

Weather tower 700/702

Weather upper area sonde

TLM Operations Log Station 1

TLM Operations Log Station 3

TLM Operations Log Station 7

TLM Operations Log Station 12

TLM Operations Log Station 13

TLM Operations Log Station 91

Signal strength (center
frequency), Station 7

Antenna position, Station 7

Antenna position, Station 3

QLAP Part l--Stage I

QLAP Part l--Stage II

QLAP Part l--transient

Time

Requested
(C anaveral)

5 WD

5 WD

5 WD

5 WD

1 CD

3 hr

3 WD

1 WD

1 WD

3 WD

1 WD

3 WD

3 CD

3 CD

3 CD

3 CD

3 CD

3 CD

Time
Received

(Baltimore)

5 WD

2 CD

1 WD

5 WD

1 WD

1 WD

1 WD

5 WD

5 WD

26 CD

2 CD

2 CD

8 CD

8 CD

7 CD

4 WD

4 WD

4 WD

4 WD

4 WD

4 WD
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TABLE XV-2 (continued)

OD
Item

i. 5-53

i. 5-54

Description

Signal strength (center
frequency) and antenna
position Tel III

Signal strength (center
frequency) and antenna
position Tel III

Time

Requested
(Canaveral)

Time
Received

(Baltimore

6 WD

6 WD

4. Agency/Contractor Supplied Data .

Table XV-3 presents data received from associated contractors
and NASA- MSC.

TABLE XV-3

Agency/Contractor Supplied Data

Description Associate Contractor Received

Mod III, AMRO GMCF

Mod III, Radio guidance
system

Special launch trajectory
Range trajectory
Impact predictor

Q 058 IGS ascent param-
eters

Power spectrum
density, preliminary
vibration (g rms)

GE ETR

GE Syracuse

NASA- MSC

NASA-MSC

NASA-MSC

6 CD

6 CD

6 CD

8 CD

8 CD

B. FILM COVERAGE

Photographic conditions at the Cape Kennedy area during the GT-3
....... *;_ p_+.,,-_ ,'.n'_ro_,_go. was very good.launch were excellent a,u mu_,,. .............

Table XV-4 contains a listing of the films from the fixed cameras and
tracking cameras.

The 70mm tracking films (Items 1.2-38 and 1.2-40) and one 35mm
film (Item 1.2-39) were reviewed for information pertinent to the booster
staging event. Inspection of these films shows that the normal breakup
of the first-stage transportation section occurred after Stage II had
staged cleanly.
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XVI. PRELAUNCH AND COUNTDOWN OPERATIONS

A. PRELAUNCH SUMMARY

i. Final Systems Test

The GTo3 simulated flight test (SFT) was performed successfully
on 18 March 1965. The test was conducted in accordance with test

procedure {Ref. 4). The flight crew was in the spacecraft during the
primary run, and the backup crew was in the spacecraft during the
secondary run for spacecraft monitoring and crew training.

The countdown for the secondary run was started at T-45 minutes,
but the holdfire -B3 (launch mode check) was programmed on at
T-34:59. This holdfire was caused by the launch panel not being reset.
After properly resetting the launch panel, the countdown was resumed
at T-34:59 and continued until T-20 minutes, at which time Spacecraft
Test Conductor called a manual hold due to a UHF communication

problem. After the communication problem was repaired, the count-
down was resumed and continued until the run was completed.

The countdown for the primary run was started at T-6 minutes.
After completion of the primary run, it was determined that the IMU
counter-torquing values were incorrect for the secondary and the
primary runs. Upon investigation, it was found that the AGE-space-
craft switch was improperly positioned. A rerun off the secondary
run was required to satisfy data evaluation requirements.

Prior to picking up the count for the rerun of the secondary run,
the flight control Console Operator noticed improper indications on
the 2600 console. It was decided to shut down all AGE and replace
the roll converter chassis. The new chassis was installed and reveri-

fication test of the chassis was performed by running a MOD III inter-
face test and manual azimuth set-in check.

The countdown was picked up at T-6 minutes and continued to T+ 1:39
minutes when the Spacecraft Test Conductor reported he did not receive
their event timer start signal nor any computer outputs. It was found
that an AGE switch on the spacecraft console was in the "off" position;
thus, the computer was turned "off." The switch was turned to the "on"

position.

The Test Conductor recycled to 'l'-t_ minutes for another start of
the secondary run (rerun No. 2). It was then noted that the White
Room a-c overvoltage alarm went off. SRO confirmed an industrial
power prob]em. Investigation showed that a bird had hit a power line
which caused a momentary short and all evidence indicated the alarm
was due to an overshoot during power _ecovery.
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The alarm was reset, andthe countdownwas picked up at T-6
minutes and completed without incident.

2. Precountdown Operations

Precountdown preparations were initiated on 19 March 1965 and
were completed without any problems. On 20 March, the mounting
bolts on the spacecraft IMU were replaced. To replace the bolts,
cabling on the IMU had to be disconnected. After completion of in-
stallation of the bolts and reconnecting of the cables, the interface was
retested by performing an abbreviated IGS end-to-end phasing test.

On 22 March, the PCM/FM transmitter was replaced because
of a loose pressurization valve. Oxidizer loading was started at 1821
hours EST and completed at 1959 hours EST. A vapor leak was found
on the Stage II oxidizer airborne fill and drain disconnect. The pres-
sure cap was removed and a new pressure cap installed and torqued.
There was no evidence of the leak after installation of the new pres-
sure cap. Fuel loading was started at 2235 hours EST and was com-
pleted at 2335 hours EST on 22 March 1965.

B. COUNTDOWN SUMMARY

The launch countdown was picked up at 0200 hours EST on 23
March. The 420-minute countdown was performed in accordance with
Martin test procedure (Ref. 3). The countdown progressed smoothly
to T-35 minutes when a manual hold was initiated by the Test Conductor
because of a leak on the S/A 1 oxidizer discharge pressure transducer

sensing line fitting. The fitting "jam" nut was backed off and then re-
torqued, thus stopping the leak. The countdown was resumed at 0849
hours EST-T-35, and continued through liftoff for a very successful
launch. It was noted that a communication problem existed on Channel
No. 2 throughout the countdown.
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XVII. CONFIGURATION SUMMARY

A. LAUNCH VEHICLE SYSTEMS DESCRIPTION

The Gemini Launch Vehicle (GLV) is a modified two-stage Titan II
intercontinental ballistics missile (ICBM) which has been "man rated"

for Gemini usage. The propulsion system in each stage uses hyper-

golic (self-igniting upon mixture) propellants. Modifications to the
basic Titan IIvehicle to achieve the "man rated" GLV follow:

(i) Addition of a completely redundant malfunction detection

system (MDS).

(2) Replacement of the Titan II inertial guidance system (IGS)
with the Mod Ill G radio guidance system (RGS).

(3) Addition of a three-axis reference system (TARS) to provide
attitude reference and open-loop programming to the auto-
pilot.

(4) Addition of a secondary flight control system (FCS).

(5) Addition of a secondary Stage I hydraulic system.

(6) Addition of the capability of switchover to the secondary
guidance, flight control, and hydraulic systems.

(75 Provision of redundancy in electrical sequencing by APS

and IPS power.

(85 Provision of an engine shutdown capability from the space-
craft.

(9) Provision of a 120-inch diameter cylindrical skirt forward
of the Stage II oxidizer tank for mating the spacecraft to the
launch vehicle.

(10) Removal of the retrorockets, vernier rockets and asso-

ciated equipment.

(11) Addition of fuel line spring-piston accumulators and oxidizer
line tuned standpipes for suppression of POGO vibrations.

(12) Capability for redundant Stage II engine shutdown (GLV-3
and up).

Significant GLV-3 changes from the GLV-2 configuration are listed
in Table XVII-1.
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TABLE XVII- 1

GLV-3 Modifications

Significant Changes Incorporated

System in GLV-3 from the GLV-2 Configuration

Stage I structure Transportation section skin splice riveting changed
from i/2-in, pitch to 1 in. pitch.

Manhole cover installation changed from narrow
to wide gasket on oxidizer and fuel tank.

Stage II structure Manhole cover installation changed from narrow
to wide gasket on oxidizer and fuel tank.

Propulsion

Flight controls

Radio guidance

Hydraulics

Contamination shields not incorporated on fuel
tank level sensors.

Redundant shutdown system provided for Stage II
engine through addition of squib-operated valve
in oxidizer bootstrap line.

Heat shield added to fue] accurnu!ator piston
assembly to protect shaft and potentiometer.

Added capability for flight crew-initiated switch-
back from secondary to primary guidance/flight
control system during Stage II flight.

Pitch program in TARS package changed to
accommodate GT-3 mission requirements.

Diodes susceptible to "gold flaking" replaced.

Guidance equations revised for GT-3 insertion
conditions.

Yaw velocity bias in guidance equation changed
(function of spacecraft center of gravity).

Stage I secondary system pressure monitored as
shutdown parameter between T + 2.0 seconds and

o

TCPS + i. 8 seconds. Limits set at 2800 +50 psig.

Electrical Added circuitry for guidance/flight control switch-
back function.
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TABLE XVII-I (continued)

System

Malfunction
detection

Instrumentation

Significant Changes Incorporated
in GLV-3 from the GLV-2 Configuration

MDP modified as follows:

(1) Provisions for switchback added;
(2) Wires shortened and bundle insulation

improved;

(3) Better diode insulation provided;
(4) Three capacitors added to suppress RSP noise.

NOTE: These changes were effective on GLV-2;
however, on GLV-2 the switchback func-

tion was not incorporated in the other
systems.

Spacecraft display of staging removed. Separate
spacecraft displays of Stage I engine S/A 1 and
S/A 2 effective through staging now provided.

Various FM/FM and PCM/FM measurements
repatched.

Range safety 3.5-secondtime delay between range safety engine
shutdown and command destruct now incorporated
in command receivers.

Ordnance None
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I. Structure

The GLV is primarily of semi-monocoque shell construction
(Stage 11 tank barrels are monocoque) with integral fuel and oxidizer
tanks.

The basic diameter of the structural vehicle is i0 feet, and the

length is 89.27 feet. Stage I, which includes the interstage transpor-
tation section, the fuel tank, and the oxidizer tank, is 70.67 feet long.

The transportation section is assembled to the tank assembly by a

manufacturing splice located at Vehicle Station 621.

Stage II consists of the fuel tank assembly and the oxidizer tank
assembly, and is 28.27 feet in length.

The two stages are joined at Vehicle Station 500 by four studs and

eight explosive nuts, the latter being used for staging.

On both Stage I and Stage II, external conduits are provided along
the fuel and oxidizer tanks to house and support the propulsion and
electrical lines which lead into the various vehicle compartments.

a. Stage I

The Stage I structure consists of a fuel tank, an oxidizer tank,
skirts at each end of the tanks, an interstage structure and external

conduits. Channel-shaped, high strength longerons mounted ex-

ternally on the fuel tank aft skirt provide separate interfaces for engine
truss attachment and for launch stand tiedown. The propellant tanks

are capable of withstanding ground and prelaunch loads with no inter-

nal pressure applied.

The fuel tank is a completely welded aluminum alloy structure. It

consists of an ellipsoidal forward dome, a cylindrical barrel section

and the aft cone assembly. An internal conduit, welded to the forward
and aft domes, provides for passage of a single oxidizer line from the

oxidizer tank through the fuel tank to the engine assembly. An outlet

provides the channel for the fuel to pass from the tank to the engine.

The oxidizer tank consists of two end domes welded to a cylindrical

section. During the staging event, the forward dome and the surround-
ing skirt structure are protected from the heat and blast of the Stage II

engine exhaust by an ablative coating material.

The interstage section consists of the structure between the stage
separation plane and the oxidizer tank forward skirt. A minimum of

7100 square inches of blast port area is provided at the aft end of this

section for venting of the Stage II exhaust during staging.
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b. Stage II

The Stage II structure includes an oxidizer tank, a fuel tank, skirts
at the forward and aft ends of each tank, and external conduits. The

tanks are capable of withstanding ground and prelaunch loads with no
internal pressure applied.

The fuel tank consists of two ellipsoidal domes, each welded to an
extruded aluminum alloy ring frame which forms the juncture of the
dome, tank wall and skirt. The cap in the forward dome has a hole to

accommodate the passage of the oxidizer line through the tank. The
aft dome has provisions for a single fuel outlet. The aft skirt extends
to the stage separation plane.

The between-tanks compartment consists of the forward section
which is welded to the oxidizer tank aft dome ring frame and the aft

section which is welded to the fuel tank forward dome ring frame.
Aluminum alloy welded trusses are installed within this structure for
support of subassembly components.

The oxidizer tank is similar to the fuel tank. It consists of two

ellipsoidal domes, each welded to an extruded aluminum alloy ring
frame which forms the juncture of the dome, tank wall and skirt.
The aft dome contains the outlet for the oxidizer line. The forward

skirt forms the interface between the spacecraft and the launch ve-
hicle. Tension bolts are used in 20 external lugs, which are machined
as part of the interface frame, to attach the spacecraft to the launch
vehicle. An external 0.05-inch insulating coating is applied to the
forward skirt for protection in the event of protuberance heating.

2. Propulsion System

The two-stage propulsion system for the GLV is adapted from the
system used on the Titan II ICBM. Minor changes have been made
to "man rate" the vehicle and to eliminate those elements of the Titan II

system which are not required for the Gemini mission.

a. Stage I

The Stage I engine is comprised of two independently operated sub-
assemblies mounted on a single engine frame. These subassemblies
are designed to operate simultaneously. Each contains a thrust cham-
ber, a turbopump and a gas generator.

The thrust chambers are gimbaled to permit vehicle control and
stabilization in flight. Gimbal action is provided by tandem hydraulic
actuators that operate in response to signals from the FCS.
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Propellants are fed to the thrust chamber by turbopumps. Gas

generators, used to drive the turbopumps, utilize the same propellants

discharged by the pumps; this allows the engine to "bootstrap" during

steady- state operation.

Propellants consist of fuel (50% hydrazine combined with 50% un-
symmetrical-dimethyl hydrazine) and oxidizer (nitrogen tetroxide).
This hypergolic mixture eliminates the need for combustion chamber
igniters.

Solid propellant cartridges provide hot gas to start and drive the
turbopumps during the engine start period Shutdown is controlled by
the override solenoid valve on the thrust chamber valve.

The thrust chambers are regeneratively cooled by circulating fuel

through coolant tubes within the chamber walls. /k dry jacket start is
employed.

In-flight propellant tank pressurization is provided by an autogenous
(self-generating} pressurization system. The fuel tank is pressurized
by small portions of the gas generator exhaust gas output. A heat ex-
changer is provided to cool the gas generator exhaust before supplying
it to the fuel tank for pressurization. The oxidizer tank is pressurized

by oxidizer which has been heated to a gaseous state. Liquid oxidizer,
supplied under pressure from the turbopump, is directed through a
superheater where it is vaporized by the heat from the turbine exhaust.

b. Stage II

The Stage II engine is a single-chamber unit similar in operation
to the Stage I engine. However, the engine is designed for maximum
operating efficiency at high altitude. An ablative skirt is attached to
the regeneratively cooled thrust chamber to increase the nozzle expan-
sion ratio for high altitude performance improvement.

Like Stage I, the thrust chamber is gimbaled. Because only pitch
and yaw control is provided in this manner, a roll nozzle is incorpo-
rated to permit roll control. The roll nozzle directs gas generator
exhaust gas overboard, and roll control is obtained through swivel
action of the nozzle.

A redundant means of shutdown is provided through a squib-operated

valve in the oxidizer bootstrap line.

An autogenous pressurization system is provided for pressurizing
the fuel tank in a manner similar to that of Stage I. The oxidizer tank,

however, is pressurized before launch, and no additional pressuriza-

tion is required.
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3. Flight Control System

The redundant flight control system (FCS) consists of the (1)

primary guidance and control system, (2)secondary guidance and

control system and (3)switchover system.

The primary guidance and control system consists of a three-axis

reference system (TARS), an adapter package, a Stage I rate gyro
package, an autopilot, the primary servovalves in the Stage I tandem
actuators, and the Stage II hydraulic actuators. The GE Mod III G

radio guidance system (RGS) provides steering commands to the pri-
mary guidance and control system during Stage II flight.

The secondary guidance and control system consists of a duplicate
Stage I rate gyro package, a duplicate autopilot, the secondary servo-
valve in the Stage I tandem actuators, and the Stage II hydraulic actu-
ators. The spacecraft inertial guidance system (IGS) provides stabili-
zation and steering commands to the secondary guidance and control
system.

The switchover system consists of the redundant power amplifiers
located in the malfunction detection package (MDP), the FCS switch-
over relays located in the adapter package, the Stage I tandem actuator
switchover valve, pressure switches, hardover sensors, and the
MDS rate switches.

The TARS is used to establish angular reference along the pitch,
roll and yaw axes; to provide roll and pitch open-loop guidance pro-
grams during Stage I flight; to accept pitch and yaw radio guidance
steering signals during Stage II closed-loop guidance operation; and
to provide discrete timing functions.

The main function of the adapter package is to condition attitude
outputs from the TARS for inputs to the autopilot. The package also
houses the FCS switchover relays.

Two sets of rate gyros are utilized for GLV stabilization: the

Stage I rate gyro package (one each for the primary and secondary sys-
tems) and the Stage II rate gyros located within the redundant autopilot
assemblies. During Stage I flight, signals from both the Stage I and
the Stage II pitch and yaw rate gyros are summed in a given propor-
tion.

The autopilot contains an 800-cps static inverter, Stage II rate
gyros, gain switching module, channel amplifiers and valve drive
amplifiers (VDA). The rate and displacement gyro signals are suit-
ably amplified, demodulated, mixed and dynamically compensated,
with filtering, in the autopilot to provide vehicle stability. The auto-
pilot output signals are used to drive the servovalves.
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Both the primary and secondary FCS operate at all times during
flight. During StageI flight, each servovalve coil in the StageI tan-
dem actuators receives control signals. At switchover, control of
the tandem actuator is switched from the primary to the secondary
servovalve.

4. Radio Guidance System

The GE Mod III G RGS is used to guide the GLV Stage II/spacecraft
combination in the proper trajectory. The RGS accomplishes this by

using steering commands to torque the pitch and yaw attitude gyros in
the TARS. The RGS also supplies the Stage II shutdown signal (SECO)
in the primary mode.

The RGS airborne components are the pulse beacon unit, rate
beacon unit, decoder unit and antenna system.

Vehicle rates are derived by means of the doppler principle, and

position tracking radar is utilized to derive the vehicle position as a
function of range, elevation and azimuth. The vehicle position and
rate information are used by the ground-based guidance computer to
generate the _p_'_g _mmands m_ messages that contain the

steering commands and SECO discrete are monitored by the decoder
for validity. If the message is valid, the steering commands are sup-
plied to the control system as pitch and yaw corrections and the SECO
command, when present, is supplied to the engine shutdown circuitry.

5. Hydraulic System

The Stage I hydraulic system is redundant. Separate primary and
secondary hydraulic circuits power the four tandem actuators for
positioning the two thrust chambers in response to signals from the
FCS. The system contains two engine-driven pumps; two accumulator-
reservoirs; four tandem actuators; one electric motor pump; one test
selector valve; one in-line filter; two coaxial disconnects; and instru-
mentation transducers. Each tandem actuator contains two hydrauli-

cally and electrically separated servo loops which can be switched
from primary to secondary by external command or due to a pressure
loss in the primary system. Each circuit is powered during engine
operation by a variable displacement pressure-compensated pump
driven through the accessory gearbox of each subassembly. For tests
and during launch countdown, an electric motor pump powers the sys-
tem.

The Stage II hydraulic system contains an engine-driven pump; two

engine actuators, a roll nozzle actuator, an accumulator-reservoir, an
electric motor pump, an in-line filter; a coaxial disconnect and instru-

mentation transducers. The system is not redundant and operation is

the same as for a single system on Stage I.
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6. Electrical System

The GLV electrical system is divided into a power distribution

system and a sequencing system. The power distribution system con-

sists of the accessory power supply (APS) and the instrumentation
power supply (IPS).

The APS and IPS buses are provided with airborne power from
separate 28 vdc silver-zinc rechargeable batteries.

The APS provides power to the static inverter, the malfunction
detection system (MDS), the APS command receiver, the APS shut-

down and destruct circuitry, the RGS, the FCS, the sequencing sys-

tem and the Stage II engine start circuitry. Static inverter output is
115/200 volts, 400 cps at 750 va.

The IPS provides power to the MDS, MISTRAM, the IPS command
receiver, the IPS shutdown and destruct circuitry, the FCS, the se-
quencing system, Stage II engine start circuitry and the airborne in-

strumentation system.

The sequencing system provides the proper sequencing of events

from Stage I engine start to Stage II engine shutdown. Major func-

tions are: reset Stage I prevalves switch; actuate APS and IPS staging

switches; shut down Stage I engine; fire staging nuts; and start Stage II

engine.

Redundancy in the form of dual power supplies, relays, motorized
switches, diodes and wiring is used throughout the GLV electrical
system. A separate battery is provided in Stage I to supply power to
the engine shutdown and destruct system if inadvertent separation
occurs.

7. Malfunction Detection System

The MDS is provided to monitor launch vehicle performance and
to supply indications of potentially catastrophic malfunctions and cer-
tain significant flight events to the spacecraft. An automatic function
is provided for switching from the primary Stage I flight control-
guidance-hydraulic combination to the secondary system in the event
of a failure in the primary system. Switchover can be initiated by
pitch, yaw or roll overrate, Stage I engine hardover, loss of primary
system hydrau_c pressure or by the flight crew. Switchback to the
primary system can be initiated by the flight crew during the SLage II
flight.

The main components of the MDS are the malfunction detection
package (MDP), the rate switch package (RSP), and the various bilevel
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and analog sensors located throughout the launch vehicle. All circuits,

components and wiring of the MDS are redundant to provide high relia-

bility.

Functions monitored by the MDS include Stage I engine chamber

pressure, Stage II fuel injector pressure, propellant tank pressures,
excessive angular rates, staging, loss of Stage I primary hydraulic

pressure, engine hardover, and switchover.

8. Instrumentation System

The airborne instrumentation system is comprised of various
transducers or measuring points, signal conditioners, a PCM
multiplexer, a PCM/FM telemetry unit, an FM/FM telemetry unit,
a tape recorder-reproducer, and an antenna system.

The PCM telemetry is a time-multiplexed data system with an in-
put capacity of 196 analog and 48 bilevel channels. The output is a
serial pulse train. Samples of input data are as follows:

Analog

Number of Channels Samples per Second

85 20

35 40

36 i00

20 200

20 400

Bilevel

Number of Channels Samples per Second

40 20

8 i00

The major components of the FM telemetry are an FM multiplexer
subcarrier oscillator assembly, an RF transmitter and a separate
power amplifier, The system has a seven-channel data capacity.

Prior to staging, the seven gIVi channels are switched to monitor
staging functions, and these signals are transmitted in real time and
paralleled on the tape recorder. The recorder is programmed to
play back its recording after completion of the staging event.
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9. Range Safety System

The GLV range safety system is comprised of the MISTRAM system,
command control system and ordnance destruct systems.

The primary tracking and impact prediction system employed in the
GLV is the GE MISTRAM system. It consists of an airborne trans-
ponder, antennas and ground stations located at Valkaria, Florida and
Eleuthera.

In operation, the airborne transponder receives two CW signals
from the ground station, and displaces and retransmits them back to

the ground station for computation of accurate position, velocity and
impact prediction information.

Because line-of-sight transmission between the GLV and Valkaria
is impossible, MISTRAM cannot lock in until the GLV attains an alti-

tude of approximately 8000 feet. A beacon system in the spacecraft
combined with an AN/FPS-16 radar is used to supply backup tracking
information.

The command control system consists of two Advanced Communica-
tions, Inc. (ACI)receivers, four flush-mounted antennas, a six-port
junction and an interconnecting cable. The redundant receivers each
contain a decoder unit capable of receiving a coded FM signal from the
ground station and converting this signal (or tones) into commands for
(1) engine shutdown and warning to the spacecraft, (2) destruct (com-
mand No. 1 must be received 3.5 seconds before command No. 2 can

take effect) and (3) ASCO which is a backup to RGS/IGS Stage II engine

shutdown. The ASCO command originates at the Burroughs ground
guidance computer.

The ordnance destruct system components consist of destruct initi-
ators, primacord, and bidirectional destruct charges. The initiators
are basically out-of-line explosive trains which are armed by AGE
prior to liftoff. Each of the initiators is connected to two bidirectional
destruct charges which are located 180 degrees apart midway between
the fuel and oxidizer tanks in each stage. Upon receipt of command
No. 2, the IPS and APS electrical signals cause the initiators to ignite
the primacord, thus setting off the destruct charges which rupture the
tanks.

The Stage i inadverteut separation destruct system is designed to

function up to the time of staging enable (approximately LO + 145

seconds). This system consists of a separate destruct battery, lanyard

switches between Stages I and If, and the same Stage I initiators, prima-

cord and destruct charges used in the command control ordnance de-

struct system. Should Stage I inadvertently separate from Stage II
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prior to staging enable, the lanyard switches would route the output of

the Stage I destruct battery to Stage I engine shutdown and through a
5.5-second delay timer to the initiators, causing the destruct charges

to explode.

i0. Ordnance Separation System

The launch separation system uses ordnance devices at the four

vehicle-to-pad attachment points. Each attachment point has one inter-

connecting stud with an explosive nut on each end. Each nut assembly
contains a gas pressure cartridge with two independent bridgewires

mounted internally. The circuits for these bridgewires are activated

by a MOCS signal to the launch release control set two seconds after
TCPS make.

The airborne separation system uses ordnance devices at the four

Stage I and Stage II attachment points located at Vehicle Station 500.

Each attachment point has one interconnecting stud with an explosive

nut on either end. Each nut assembly is similar to that of the launch

separation system. The cartridges are ignited electrically by the

staging command (initiated by TCPS).

B. MAJOR COMPONENTS

The major GT-3 components are as follows:

(1) Spacecraft

(a) Manufacturer:

(b) Serial Number:

McDonnell Aircraft Corporation

Spacecraft Number 3

(2) Gemini Launch Vehicle

(a) Manufacturer: Martin Company

(b) Serial Number: GLV-3

(c) Air Force Serial Number: 62-12558

(3) Gemini Launch Vehicle systems

The GLV systems and major components are listed in Table XVII-I.
Figure XVII-1 shows the general arrangement of the GLV.
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